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Anthropology 
 
Abstract 
 
Chairperson: Randall Skelton 
 
Developing a biological profile in forensic anthropology is vital for the medico-legal 
field. Forensic anthropologists have long sought to develop ancestry and sex 
determination methods using complete and fragmented skeletal elements. Ancestry is 
most commonly assessed using cranial traits. Sex is assessed using the os coxa and 
cranial traits.  Post-cranial methods for identifying individuals are needed in the field 
because cranial and pelvic elements are often broken and incomplete. Examining other 
elements can increase the likelihood of identification of the individual in question. 
Eugene Marino (1993; 1995; 1997) developed a method for estimating ancestry and sex 
from eight measurements of the superior and inferior articular surfaces and vertebral 
foramen of the atlas from individuals of European and African descent from the Terry 
and Hamann-Todd collections. This study applies Marino’s method to post-1950s 
individuals who are self-classified as Hispanic, Euro-American, and, African-American. 
Two hundred and fourteen specimens were measured from the William Bass Skeletal 
Collection, the Pima County, Arizona’s Medical Examiner’s Office, and the Maxwell 
Museum at the University of New Mexico. Each measurement was obtained using sliding 
calipers. The measurements taken from this study were analyzed using Statistical 
Package for the Social Sciences (SPSS) to establish discriminant functions that 
distinguishes sex and ancestry from Euro-Americans, African-Americans, and Hispanics.  
This study concludes that the atlas can be used with a relatively accurate prediction to 
determine ancestry and sex of three modern population groups. 
 
.  
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CHAPTER 1 
 
INTRODUCTION 
  
 When unidentified human skeletal remains are found, forensic anthropologists develop a 
biological profile to determine ancestry, sex, age, and stature.  Forensic anthropology is a 
specific application of physical anthropology to the medico-legal field.  Forensic anthropologists 
have worked to develop ancestry and sex determination methods using complete and fragmented 
skeletal elements.  Of all the elements the most important in determining ancestry is the skull 
(Novotny et al. 1993), and the pelvis and skull are the most important elements for sex 
determination (Holland 1985; Marino 1993; Buikstra and Ubelaker 1994; Durić et al. 2005; and 
Berg 2013).  However when these bones are not present or are too damaged, other postcranial 
elements are needed for analysis (Holland 1985; 1986a; 1986b; Sutherland and Suchey 1991; 
Marino 1993; 1995; 1997). 
 Two types of methods that are used to estimate ancestry and sex: metric and non-metric 
analysis.  Non-metric analysis uses visual techniques or features of a specific skeletal element. 
Metric analyses, however, are statistically based analyses that use measurements of specific 
skeletal features and/or bones (Bass 1987; Steele et al. 1988; Marino 1993).  Two things must be 
true to employ either technique: (1) categories must reflect valid sex and population differences 
and (2) the traits being evaluated must effectively distinguish between sex and populations (Bass 
2000; Steele et al. 1988).  Non-metric analysis refers to those qualitative assessments based on 
well-established anatomical markers, which are used to assign cases to a sex and or ancestry 
category (e.g. shape of the forehead, mastoid size, and orbital shape) (Marino 1993).  According 
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to Marino (1993) the trend in skeletal analysis is to look at previously established and directly 
observable anatomical features that are useful for sex and ancestry determination. 
 However, accuracy can be improved if visual anatomical markers are backed up by 
metric analyses.  These metric analyses in conjunction with statistical methods are important 
because they require the researcher to make use of differences that cannot be directly observed as 
at the gross level, but which become analytically useful as statistical values (Marino 1993).  
Marino (1993; 1995; 1997) states that the value of using statistical methods is to augment 
information from existing nonstatistically based examinations and to provide a broader base of 
techniques that can be used by a wider range of investigators and applied to a greater variety of 
skeletal elements.  Visual examination of features is still useful.  However, metric techniques 
utilize a more objective procedure and more repeatable for anthropologists to allow for more 
reliable and quantified estimates (Meindl et al. 1985). 
 According to Bass, “Many believe after reading through all the literature on human 
skeletal material that everything has already been discovered.  I have been fortunate to have a 
number of students who have proved this concept to be wrong” (1981: 8).  Marino (1993) 
conducted a metric analysis on the first cervical vertebra also known as the atlas.  According to 
Steele and Bramblett (1988) the element has no previously described anatomical markers that are 
considered visually useful as sex or race indicators.  Holland (1985) and Marino (1993) both 
state that forensic contexts require techniques that will not be compromised by the fragmentary 
nature of many remains.  When skeletal elements are found complete, sex and ancestral 
determination are ascertained visually and statistically.  However when the skeletal elements are 
fragmented, visual assessment becomes more difficult.  Developing new techniques increases the 
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number of analytical tools available to the forensic anthropologist increase the amount of 
information that can be extracted from the remains (Marino 1993).  
 Prior to Daubert and the ensuing changes to the Federal Rules of Evidence, a special test 
for competence was required with scientific evidence, and the question was whether the science 
or scientific tests employed are of such a level of validity as to be allowed into evidence being 
valid (Eckert and Wright 1997: 78).  In 1923, Frye v. United States of America was a criminal 
case that wished to introduce polygraph evidence (Eckert and Wright 1997).  Evidence of 
validity included published articles that were published in peer-reviewed journals (Eckert and 
Wright 1997).  However this method was inhibiting new forensic techniques from being 
admissible in court.  In Daubert v. Merrell Dow Pharmaceuticals (1993), the United States 
Supreme Court introduced a four-part test to replace Frye:  
1. Whether the type of evidence can be and has been tested by scientific methodology. 
2. Whether the underlying theory or techniques has been subjected to peer review and has 
been published in the professional literature (although this is not a sine qua non). 
3. How reliable the results are in terms of potential error rate. 
4. General acceptance (the old Frye test) can have a bearing on the inquiry.  
  
 Before this ruling, “a forensic anthropologist was able to base an opinion on his or her 
experience and informal agreement within the discipline concerning which methods were 
acceptable” (Steadman 2013: 138).  These new guidelines are designed to ensure that scientists 
are following scientific methods - i.e. tested techniques, with known error rates, that have been 
peer reviewed, and overall generally accepted in the discipline (Steadman 2013).  Replication 
increases the validity of previous studies.  As Steadman (2013) states, validation studies make 
adjustments to improve the accuracy and reliability of the original method.  It will develop 
reliability, or the ability to obtain the same answer across multiple trials or observers and 
quantify the error of the technique.  A second look at Marino’s previous study and extending the 
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statistical method to a Hispanic population group will serve to help validate the use of the atlas 
(first cervical vertebra) for sex and ancestry determination.  Like Marino, I hypothesize that there 
will be statistical differences between sex and ancestry of three modern population groups.   
 According to Anderson (2013), new studies need to be conducted and established in the 
field of forensic anthropology.  DNA analysis cost is declining, and is used more throughout the 
field.  However, DNA will not replace forensic anthropology analysis (Anderson 2013) (Figure 
1).  He notes that modern and museum collections are not representative of local jurisdiction 
casework, and “one can’t extrapolate from someone else’s error rate”  (Anderson 2013). 
 
Figure 1: DNA Identifications in Pima Co., AZ by Year 2001-2012 
 
(Pima Co. 2012 Annual Report 2013) 
 
 Forensic anthropology in the United States has multiple ancestry classifications.  The most 
common one utilizes three groups: Euro-American (Caucasian, white, or European descent), African 
American (Negroid, black, or African descent), and Mongoloid (Asian and Native American descent) 
(Bass 2000).  However in the recent literature, ancestry or race is almost unanimously judged to be 
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unclear or nonexistent as a set of biological categories.  Although anthropology does not subscribe the 
biological race concept, the rest of society continues to classify individuals into racial or ancestral 
categories.  Forensic anthropologists are required to use a concept of ancestry or race to help identify 
unidentified skeletal remains since a person’s race is often included in their description including 
descriptions found in the missing persons lists.  In order to classify an individual into a population 
group, the forensic anthropologist must identify skeletal features that differ in frequency among groups. 
Some skeletal features are not so unambiguous especially between admixed populations.  Some 
osteometric analyses are conducted to validate non-metric variation and to classify the unknown 
individual into a known population group.  This reduces the number of unidentified individuals to which 
the remains could belong.  In Chapter 2, I will discuss the transition of illegal border crossings from 
urban areas into rural desert crossing and corresponding rise in undocumented immigrant deaths.  
Chapter 3 will present a brief description of the taphonomic process for bodies decomposing in hot arid 
climates.  Chapter 4 will present a background on the population history of the Americas and the impact 
of population structure on the determination of sex and ethnic characteristics of skeletal remains. 
Additionally, the study will survey previous studies on sex and ancestry determination in forensic 
anthropology.  Finally Chapter 7 will present the results, discussion, and future research of sex and 
ancestry determination studies on Hispanics.   
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CHAPTER 2: ARID DESERT ENVIRONMENT OF THE SOUTHWEST: CROSSING 
FROM POPULATED TO UNPOPULATED AREAS 
 
 
 Deserts and semi-deserts are the most extensive of the Earth’s biomes, occupying more 
than one-third of the global land surface (Laity, 2008:1).  Shreve’s (1951) defines regions of  
“low and untimely distributed rainfall, low humidity, high air temperatures, strong wind, soil 
with low organic content and high content of mineral salts, violent erosional work by water and 
wind, sporadic flow of streams and poor development of nominal dendritic drainage” (Laity 
2008:1).  
POLICY HISTORY 
 Immigration along the southwest border has been a focus in United States border 
enforcement policy.  In 1993, Operation Hold the Line was the first series of concentrated border 
enforcement operations (Parks et al. 2009: 34).  The main objective for this and other operations 
were to deter illegal border crossers by increasing Border Patrol agents, vehicles, and 
surveillance technology on a small section of the border (Zhang, 2007; Parks et al. 2009).  This 
resulted in a 72 percent drop in apprehensions in the El Paso Sector (Bean et al. 1994).   
 In 1994, another operation was launched by the Clinton administration.  This new policy 
known as Operation Gatekeeper and was implemented around the San Diego area (Zhang 2007; 
Parks et al. 2009).  These two operations were followed by several others (Table 1).  Under the 
Secure Fence Act in 2006, 700 miles of new primary fencing and vehicle barriers were to be 
installed at an estimated cost of $3 million per mile (Archibold et al. 2008).  If all of the fencing 
mandated by this policy is constructed, one third of the 2,000 mile U.S.- Mexican border will 
have physical fortifications, at a cost of at least $2.5 billion (Parks et al. 2009: 35).  
 7  
 
Table 1: Key Developments in U.S. Border Enforcement Policy, 1993-2006  
 
1993 Operation Hold the Line (El Paso, TX) 
1994 Operation Gatekeeper (San Diego, CA) 
Operation Safeguard (Nogales, AZ) 
1995 Operation Rio Grande (Southeast, TX) 
2005 Operation Streamline (Del Rio, TX and Yuma, AZ 
2006 Secure Border Initiative, Secure Fence Act, & Operation Jump Start 
       (Zhang 2007 and Parks et al. 2009) 
 
 
SAN DIEGO 
 During 1990s, the Border Patrol began Operation Gatekeeper, Operation Hold the Line, 
and Operation Safeguard to establish and maintain control of the border starting in urban San 
Diego, El Paso, and Nogales respectively (Hinkes 2008; Anderson 2008).  Prior to 1994, the first 
fourteen miles of the border from the Pacific Ocean inland accounted for nearly half of all illegal 
immigration along the nearly 2000 miles of border extending through Texas (Hinks 2008).  From 
1991 to 1993 there were over half a million Border Patrol apprehensions of illegal migrants per 
year or 45% of the national total, in the San Diego area (Hinkes 2008).  San Diego was a 
preferred route because of the high-populated density and easy access to transportation systems 
(Hinkes 2008). Hinkes (2008) notes that Operation Gatekeeper moved the migrants to eastern 
San Diego County.  
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 Some sectors have reported significant decline in apprehensions where these policies are 
implemented.  Homeland Security officials report that since December 2006, apprehensions have 
dropped by nearly 70 percent in the Yuma Sector (U.S. Department of Homeland Security 2008 
in Parks et al. 2009).  Border patrol officers also state that in the 15-mile target area within the 
Tucson sector where Streamline was in operation, the recidivism rate dropped from 79% to 46% 
(Holstege 2008).  Although there are decreasing apprehensions along the border, this could 
suggest that migrants are crossing into the United States at alternative areas. 
 
PIMA CO, ARIZONA 
 Texas and California experienced most of the undocumented border crossings while 
Tucson and the surrounding area experienced an average of 19 migrant deaths per year from 
1985 to 1998 (Anderson 2008).  As a result of heightened security in these populated areas, 
migrants are increasingly crossing in remote areas like the Arizona’s Sonoran desert to reduce 
detection (Anderson 2008; Parks et al. 2009).  Arizona falls under the Southwestern or Arizona 
climatic pattern that is known as bi-seasonal climate.  Bi-seasonal is characterized as winter 
precipitation, spring drought, summer precipitation, and fall drought (Lowe 1964).  Moisture 
comes from the north in the winter and from the south during the summer (Lowe 1964).  The 
daily temperatures between May and September reach 100-110 degrees Fahrenheit (Anderson 
2008; The National Weather Service 2013). 
 The Sonoran Desert (Figure 2) covers about 275,000 square kilometers.  It ranges in the 
Mexican state of Sonora, and extends to the Pacific coast of the Baja California Peninsula, and 
includes half of Arizona and the southeastern corner of California (Laity 2008).  Temperatures 
can range from 80 to 120 in the summer, and there are over 100 days of temperatures greater 
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than 100 degrees Fahrenheit (Hinkes 2008).  Between February 2010 and 2013, there were 428 
days of temperatures over 90 degrees Fahrenheit (Figure 3) (The National Weather Service 
2013). 
Figure 2: Map of the Sonoran Desert  
 
        (National Park Service 2013)  
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 In the winter months migrants expect temperatures ranging from 80 degrees Fahrenheit to 
subfreezing with rain or even snow (Hinkes 2008).  Heat related illness is associated with most 
of the deaths in Tucson (Anderson 2008).  The undocumented border crossers are exposed to 
extreme elements and rugged terrain. Death can result from hypothermia, exposure, dehydration, 
heat stroke, and injury (Hinkes 2008).  Exposure to these extreme heat and elements are the 
primary causes of death, (Anderson 2008; Hinkes 2008).   
 
Figure 3: Highs and Lows in Tucson, AZ from February 2010-2013   
 
 
(The National Weather Service 2013) 
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 These numbers have increased significantly.  The number of undocumented border 
crossers rose from 29 in 1998 to 75 in 2001 and then doubled by 2002 (Anderson 2008; Soler 
and Anderson 2013).  As Border Patrol increased, the desert near the Tucson sector (Figure 4) 
became a primary route into the United States (Anderson 2008; Soler and Anderson 2013).  In 
fact the U.S. Border Patrol reported that for the 2004 fiscal year, 43% of all apprehensions 
(491,771 of the total 1,139,282) along the Mexican border occurred within the 281 mile Tucson 
Sector (Anderson 2008:8).  According to Anderson that translates to 43% of the apprehensions 
within 14% of the US-Mexico Border (2008:8).  
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Figure 4: Tucson, AZ Sector
1
 
 
           
                                                        
1 (U.S. Border Patrol 2013) 
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 In 2010, 225 migrant deaths were recorded in the Tuscon Sector, however this number 
dropped to 157 in 2012 and there were on average 178 deaths per year from 2002-2012 
(Pima County Annual 2012 Report 2013).  “The deaths per year are adjusted annually to account 
for identification of remains initially thought to be those of a migrant that are not, and 
association of remains found months or years apart later discovered to be that of the same 
individual” (Pima Co. Annual 2012 Report 2013: 28).  The migrants peaked during the summer 
months just like in the past between (June-August) with 60 deaths, which was 38% of the total 
deaths for 2012 (Pima Co. Annual 2012 Report 201).  Figures 5-7 represent the migrant deaths 
by month, age, and gender. In 2012 76% (53) of the identified migrants were of Mexican 
nationality, followed by Guatemalans (17%, 12) and Ecuadorians (4%, 3) (Figure 8) (Pima Co. 
2012 Annual Report 2013: 28). According to the Pima Co. 2012 Annual Report, “As of 
December 31, 2012, 734 decedents remain unidentified” (2013: 28). 
 
Figure 5: Migrant Deaths Per Year: 2001-2012  
 
(Pima Co. 2012 Annual Report 2013) 
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Figure 6: Migrant Deaths by Month in 2012 
 
(Pima Co. 2012 Annual Report 2013) 
 
Figure 7: Migrant Deaths by Age in 2012 
 
(Pima Co. 2012 Annual Report 2013) 
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Figure 8: Migrant Deaths by Gender in 2012 
 
 
(Pima Co. 2012 Annual Report 2013) 
 
Figure 9: Migrant Deaths by Nationality Between 2001-2012 
 
(Pima Co. 2012 Annual Report 2013) 
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 In order to cross these desolate areas, migrants are using coyotajes or polleros.  Coyotajes 
are professional human smugglers.  Migrants pay Coyotajes to help them make the journey 
through the Sonoran Desert.  Migrants hike for days in the desert to prearranged rendezvous 
points to be picked up by smugglers waiting on remote stretches of highways, while others are 
apprehended by Border Patrol (Zhang 2007 and Anderson 2008).  Undocumented border 
crossers are misinformed of their 20 to 30 mile hike (Figure 10) and are unable to carry enough 
water to make the journey and succumb to the extreme environment (Zhang 2007; Hinkes 2008; 
Soler and Anderson, personal communication, August 6-8, 2012). There are several 
humanitarian organizations that help the migrants.  One in particular is the Humane Borders Inc. 
Humane Borders Inc. is a non-profit organization that establishes and maintains emergency 
water stations throughout the desert for the undocumented migrants (Figure 11).  Even with this 
humanitarian aid migrants still succumb to the extreme environment (Figure 12). 
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Figure 10: Humane Borders Warning Poster:
2
   
                                                        
2 (Humane Borders 2011) 
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Figure 11: 1999-2009 Recorded Migrant Deaths, USBP Rescue Beacons, and HB Water 
stations:
3
 
 
 
 
 
 
 
 
 
 
 
 
                                                        
3 (Humane Borders 2011) 
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Figure 12: 1999-2011 Recorded Migrant Deaths on the Arizona Border Map: 
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                        
4 (Humane Borders 2011) 
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CHAPTER 3 
 
TAPHONOMY 
 
 Efremov (1940) defines taphonomy as the study of the process by which organic remains 
pass from the biosphere into the lithosphere as the result of geological and biological processes 
(cited by Ubelaker 1997).  Understanding the decomposition, process is an important and a vital 
component of forensic analysis because the taphonomic process can alter the appearance of bone 
and related organic materials after death (Morlan 1984; Shipman 1981).  Decomposition is a 
complex process that reduces a human body to a skeleton through postmortem destruction.  
Weather, climate, and the location of the body play an important role in determining the 
decomposition mechanisms and degree of skeletal preservation.  Twenty-one of the remains 
analyzed in this thesis were located in the desert around the Tucson sector so the following is a 
brief description of the decomposition and skeletonization process for this specific climate 
regime.  
 “In heat-related deaths and elevated body temperatures, decomposition is greatly 
accelerated” (Anderson 2008: 10).  Exposure, carnivore, and scavenger activity reduce remains 
to bleached bone (Hinkes 2008: 18).  According to Galloway’s (1997) study, the Southwest’s 
high temperatures accelerate the early decomposition but the low humidity can produce 
indefinite preservation of some tissues also known as mummification (Table 2) (Galloway 1997).  
The natural mummification process takes place “when death occurs and the body loses fluids to 
the environment via evaporation” (Clark et al. 1997: 157).  A characteristic of mummification is 
hard and leathery tissues.  This process can occur in as early as the third day, but is more 
frequently found between the tenth day and one month (Galloway 1997).  Although the surface 
tissue is hard, the underlying tissues are soft allowing maggots to consume the body (Galloway 
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1997).  Mummification appears in the second month and lasts between six to nine months 
following death (Galloway 1997).  
Table 2: Categories and Stages of Decomposition (Galloway 1997). 
 
Fresh 1. Fresh, no discoloration or insect activity 
2. Fresh Burned 
Early Decomposition 1. Pink-White Appearance with skin slippage and some hair 
loss 
2. Gray-green discoloration, some flesh relatively fresh 
3. Discoloration to brownish shades particularly at fingers, 
nose, ears; some flesh still fresh 
4. Bloating with green discoloration 
5. Post bloating following rupture of the abdominal gases with 
discoloration going from green to dark. 
6. Brown to black discoloration of arms and legs, skin having 
leathery appearance. 
Advanced 
Decomposition 
1. Decomposition of tissues producing sagging of the flesh, 
caving in of the abdominal cavity, often accompanied by 
extensive maggot activity 
2. Moist decomposition in which there is bone exposure 
3. Mummification with retention of internal structures 
4. Mummification of outer tissues only with internal organs 
lost through autolysis or insect activity 
5. Mummification with bone exposure of less than one half the 
skeleton 
6. Adipocere development 
Skeletonization 1. Bones with greasy substances and decomposed tissue, 
sometimes with body fluids still present 
2. Bones with desiccated tissue or mummified tissue covering 
less than one half the skeleton 
3. Bones largely dry but still retaining some grease 
4. Dry Bone 
Extreme 
Decomposition 
1. Skeletonization with bleaching 
2. Skeletonization with exfoliation 
3. Skeletonization with metaphyseal loss with long bones and 
cancellous exposure of the vertebra 
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 The remaining tissue begins to disappear and expose the skeleton (Clark et al. 1997; 
Galloway 1997).  Skeletonization is defined as, when bones are exposed in over half of the body 
but erosion of the skeletal elements has not yet occurred (Galloway et al. 1989).  The remaining 
tissue begins to disappear and expose the skeleton. (Clark et al. 1997; Galloway 1997).  This 
process begins after two months to nine months of exposure (Galloway et al. 1989; Galloway 
1997).  
 “Carnivores also accelerate decomposition by disarticulating the remains, consuming soft 
tissue, and gnawing the skeletal material” (Galloway 1997: 146).  According to Galloway (1997) 
the carnivore activity occurs during the advanced stages of decomposition, initial 
mummification, and skeletonization (Galloway 1997).  Coyotes, dogs, bears, and javelina (desert 
pigs) are responsible for scavenging human remains (Galloway 1997).  However, the carnivore 
activity is virtually absent until the skeletonization stage (Galloway 1997: 146) (Figures 13-15).  
Other types of scavengers that are noted in this study are rodents.  Rodent scavenging can be 
noted by distinct parallel striae on the bone.  This type of damage can be seen in the desert 
southwest where packrats and other rodents frequently gnaw on skeletal material (Galloway 
1997: 146). 
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Figure 13: Mummified, Skeletalized, and Scavenged Remains from Pima Co, AZ 
 
 
 
Figure 14 & 15: Scavenged Scapula and Femur 
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 The final stage of the taphonomic process is weathering, exfoliation, and decay of 
skeletal material.  Weathering represents the response of bone to its immediate environment e.g. 
soil, sun, etc. (Ubelaker 1997).  Bone weathering involves the drying out of the bone, bleaching 
from the sun, exfoliation and removal of the cortical surface, and demineralization 
(Behrensmeyer 1978).  Bleaching appears in the second to sixth month (Figures 16 and 17), and 
exfoliation (Figure 18) is reported as early as the fourth month and as late as eighteen months 
(Galloway et al. 1989; Galloway 1997; Anderson, personal communication, August 6-8, 2012).  
Weathering represents the response of bone to its immediate environment e.g. soil, sun, etc. 
(Ubelaker 1997).  The weathering and exfoliation patterns in the American southwest are 
accelerated because of the high temperatures and the arid environment.  These characteristics 
indicate long-term exposure to the physical environment (Wilson 2013). 
 
Figure 16: Bleaching from a Crania of an Unidentified Border Crosser 
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Figure 17: Bleaching and exfoliation of the Right Side of the Skull 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: Bleaching and exfoliation of the inferior facets of the atlas 
  
 26  
CHAPTER 4 : 
POPULATION HISTORY AND STRUCTURE OF HISPANICS 
 
 Population history focuses on the genetic impact of historical factors such as invasions, 
migrations, and other events that affect genetic exchange between populations on genetic 
distances between a set of populations (Mielke et al. 2011).  Population structure is the study of 
factors that affect mate choice and genetic relationships between populations (Stevenson 1991; 
Mielke et al. 2011).  
 
NATIVE AMERICANS AND MIGRATIONS AND THE FOUNDER EFFECT  
 
 Between 10, 000 to 30,000 years ago there were migrations from Asia to North America.  
There is still debate on how and when humans migrated to the North America (Powell 2005).  
Putting the debate aside, once humans reached North America, the Asiatic migrants continued to 
spread across the continent.  Groups moved southward to the present day US-Mexican border, 
then to Central, and South America (Bonatto and Salzano 1997; Bonilla 2003; Buchard et al. 
2005). 
 The migration of these Asian populations resulted in a founder effect.  A founder effect is 
defined as reduced genetic diversity in a population founded by a small number of individuals 
(Jobling et al. 2004: 502).  Founder effect is about loss of variation and variability, while 
isolation by distance is about differences between populations. This theoretical molecular model 
is explained by the small groups of Amerindians that were isolated by distance from the original 
Asian populations.  
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EUROPEAN MIGRATION 
 By the late 1400s the improvement in navigation technology, allowed European sailors to 
begin sailing further west.  These factors culminated in European trade with other populations to 
sustain an increasing population, which culminated in the arrival of Columbus in October 1492 
(Bonilla 2003). Upon European arrival towards the end of the 15
th
 century the estimates of the 
number of people living in Latin America ranged from 28-88 million (Salzano and Bortolini 
(2002) in Bonilla 2003).  The impact of the European colonization on the native populations was 
profound.  Most of the native populations were greatly reduced in number due to warfare, 
diseases, and exploitation; those who survived became subject to colonial order, following the 
disruption of their economic and social structure (Bonilla 2003: 14).  
 
AFRICAN SLAVES 
 Slavery has been a feature of human societies since antiquity, and as a result of the 
European expansion to the Americas, the Atlantic Slave Trade began in the 16
th
 century and 
continued until it was finally abolished in the 1800s (Salas et al. 2004: 454; and Bonilla 2003). 
The first Africans brought over to the New World were Spanish-born African servants (Ladinos) 
who arrived with Columbus (Buchard et al. 2005).  “The stimulus for the large-scale slave trade 
between Africa and the Americas evolved with the establishment of large plantation complexes 
and mines in the 16
th
 century” (Buchard et al. 2005: 2162).   
 African slaves were transported from interior regions of the African continent and 
brought to the seven coastal regions where they were then transported to the Americas (Buchard 
et al. 2005).  It is estimated that 11 million Africans were enslaved, and at least 2 million more 
died during the middle passage” (Salas et al. 2004).  “Historical records suggest that western 
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Africa contributed approximately 8 million people, west-Central Africa (from Cameroon down 
to Angola) approximately 4 million, and Mozambique/Madagascar in the southeast an additional 
1 million more (Curtin 1969; Fage 1969; Thomas 1998; Salas et al. 2004).  African slaves were 
not culturally assimilated, and as a result created new and distinctive populations in the Americas 
(Salas et al. 2004).  
 
HISPANIC 
 As a result of becoming subject to colonial order, the colonials, Africans, and the 
Native Americans began admixing.  These groups of people are known as “mestizos”.  In the 
United States “mestizos” are also classified as Hispanic or Latino; the United States 
“Hispanic or Latino” as a person of Cuban, Mexican, Puerto Rican, South or Central American, 
or other Spanish culture or origin regardless of race (Humes et al. 2011; Ennis et al. 2011).  
Under this definition Hispanics are culturally and genetically a heterogeneous group (Bertoni et 
al. 2003:1), and have a trihybrid ancestral background consisting of Europeans, Africans, and 
Native Americans (Bertoni et al. 2003; Burchard et al. 2005).  Since Hispanics and Latinos 
represent a heterogeneous group, they can self identify as any race or of mixed race as defined by 
the 2000 U.S. Census (Buchard et al. 2005) which makes this definition is problematic. However 
for clarity, thesis will use the United States’ definition of Hispanic.  
 Typically the border crossers who die in the Sonoran Desert can be characterized as low-
income individuals migrating from rural areas in Mexico and other Latin American countries 
(Birkby et al. 2008).  Most of these individuals are young adult males between the ages of 20 and 
30 (Birkby et al. 2008; Anderson 2013).  Recent work by Jantz (2004) and Spradley et al. (2005) 
focused on the craniometric evaluation and demonstrate that variation among Hispanic peoples 
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of the Americas exists when analyzing both craniometric and postcranial data (Birkby et al. 
2008: 30).  In Jantz’s study the sample of Hispanic Crania is reported to be “sufficiently 
distinctive to distinguish them from other groups” (Birkby et al. 2008: 30).  
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CHAPTER 5:  
 
 
THE ATLAS AS AN INDICATOR OF SEX AND ANCESTRY 
 
 
  
 The atlas is the first cervical vertebra at the base of the skull.  At birth, lateral masses are 
ossified, and arches appear in the first months of life; these arches fuse posteriorly in the third 
year and anteriorly about year six (Steele and Bramblett 1988).  The atlas supports the skull and 
provides a range of different movements (Steele and Bramblett 1988).  The atlas vertebrae have 
distinctive structures that separate them from other vertebrae (Figures 18 and 19). The most 
distinctive character of the atlas is “the lack of a body” with “enlarged and deeply concave 
articular surfaces (superior and inferior articular facets are supported by robust lateral masses” 
(Steele and Bramblett 1988: 116).  There is a small anterior arch.  The fovea is a shallow pit on 
the interior of the anterior arch that articulates with the dens (or odontoid process) from the axis 
(Steele and Bramblett 1988).  The atlas is the only true vertebra with a spinous process that is 
reduced to a small rough posterior tubercle (Steele and Bramblett 1988).   
Figure 19 and 20: Superior and Inferior View of the Atlas 
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SEXUAL DIMORPHISM/SEX DETERMINATION 
 Sex estimation is the process used by forensic anthropologists to evaluate whether a 
individual skeleton is a male or a female.  In order to determine sex, “an anthropologist uses 
biological traits of the skeletal system that vary between the sexes for functional reasons” 
(Dawson et al. 2011: 61).  Sexual dimorphism is the morphological, physiological, and 
behavioral disparity between sexes in a single species (Stevenson 1911; Dawson et al. 2011).   
The size disparity of sexual dimorphism is calculated as the “natural logarithm of the ratio of the 
male mean value divided by the female mean value” (Dawson et al. 2011:62).  Humans’ body 
size, unlike most other nonhuman primates exhibits little sexual dimorphism.  
 However, there are some differences based on two biological differences between males 
and females: size and architecture (Byers 2008).  Forensic anthropologists use several visual 
characteristics on the os coxae (e.g. pelvis) (Table 3) and the skull to distinguish between males 
and females. For example: a male pelvis’ overall size is large and rugged (Byers 2008:178).  The 
larger size is the result of muscularity. The architecture of a male’s pelvis also has different 
characteristics. For example the pelvic inlet is heart shaped; the pubic shape is narrow and 
rectangular; and the sub-pubic-angle is v-shaped (Byers 2008: 178).  Female pelvis on the other 
hand are small and gracile; the pelvic inlet is circular or elliptical; and the sub-pubic angle is u-
shaped (Byers 2008: 178). 
  The human pelvis is one of the most reliable skeletal elements to assess sex in adults 
(Brown and Brown 2011; Dawson et al. 2011).  The pelvis has multiple morphological features 
that indicate its functions, including “bipedalism, protection, and containment of pelvic viscera, 
and parturition” (Dawson et al. 2011: 65).  The most important morphological feature in sex 
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determination is the overall shape of the pelvis, females having a wider, shallower sciatic notch 
compared with males because of the reproductive requirements (Brown and Brown 2011: 155).  
 Male and female skulls also differ in size and overall robustness. Male and female skulls 
also differ in size and overall robustness (Table 4).  These differences are mainly “due to the 
later onset of puberty in males which allows continued increase in muscle mass” (Brown and 
Brown 2011: 155).  Dawson et al. (2011) and Spradley and Jantz (2011) argued that using the 
skull to assess sex has a lower accuracy than sexing the pelvis.  However, the skull like the pelvis 
is liable to suffer postmortem damage (Dawson et al. 2011) so in many instances these elements 
may not available for sex determination.   
  
Table 3: Pelvic non-metric traits 
Trait Males Females 
Size Large and Rugged Small and gracile 
Ilium High and vertical Low and flat 
Pelvic inlet Heart shaped Circular or elliptical 
Pubic shape Narrow and rectangular Broad and square 
Subpubic angle V-shaped U-shaped 
Obturator foramen Large and ovoid Small and triangular 
Greater sciatic notch Narrow Wide 
Preauricular sulcus Rare Well developed 
Shape of sacrum Long and narrow Short and borad 
Krogman (1962)  
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Table 4: Cranial non-metric traits 
Traits Males Females 
Size Large and rugged Small and smooth 
Mastoid Large, projecting Small, nonprojecting 
Browridges Large Small, none 
Frontal Slanted High, rounded 
Nuchal Area Rugged with hook Smooth, hook uncommon 
Supraorbital margin Rounded Sharp 
Chin Broad Pointed 
Summarized from Krogman (1962) and France (1998) 
 Even though these skeletal elements have sexually dimorphic features, poor preservation 
can affect the reliability of sex determination.  The os coxae has traits that are easily damaged, 
thus impacting the quality of the bone.  The skull may be targeted for damage or complete 
removal in attempt to prevent identification of the deceased individual (Gapert et al. (2009) in 
Dawson et al. 2011:69).  Nearly all bones have some degree of sexual dimorphism (Deshmukh 
and Devershi 2006).  Investigating the accuracy of sex determination methods is increased when 
using in conjunction with pelvic and cranial methods.  
 Some other postcranial studies of sex determination have been conducted. Stewart (1979) 
found that two measurements of the scapula can be used to determine sex.  First, “the maximum 
length, measured between the superior and inferior borders differs, and generally values less than 
14 centimeters indicate female, where as 17 centimeters and above indicate male” (Byers 2005: 
200).  Another study showed that the glenoid fossa in males is generally above 36 millimeters 
and below 36 millimeters in female (Byers 2005).  
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 The vertical head diameter of the humerus is particularly good for differentiating sex 
(Stewart 1979).  Values below 43 millimeters represent females, 43-44 represent probably 
female, 46-47 are probably male, and finally, over 47 millimeters represent males (Byers 2005).  
 Another skeletal element that has been assessed as a sex indicator is the second cervical 
vertebra (e.g. the axis).  Wescott (2000) took eight measurements from 100 Euro-American and 
100 African specimens in the Hamann-Todd and Terry anatomical collections.  The study first 
used a multivariate analysis of variance procedure.  This analysis was performed to determine 
the interaction of sex and ancestry in skeletal collections (Wescot 2000).  Discriminant analysis 
was conducted to evaluate differences in the effectiveness of using the second cervical vertebra 
for sex estimation.  This study found that using the second cervical vertebra to estimate sex 
yields an 83% accuracy in unidentified human skeletal remains (Wescott 2000).  
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POPULATION DIFFERENCES / ANCESTRY DETERMINATION 
  
 Anthropologists continuously argue on whether race is real.  Humans are a single species. 
Species are the lowest level of taxonomic unit for biological specimens (Ferguson et al. 2011: 
121).  Even though species are the lowest taxonomic unit, differentiating between species is still 
unclear.  Race or ancestry is problematic in the anthropological discipline, but it is still being 
used in forensic anthropology.  As Ferguson et al. (2011: 127) stated, “A forensic anthropologist 
who denounces the concept of race or attempts to debate its very existence will not be of much 
practical value to the police officer(s) heading the investigation.”  Investigators need a biological 
profile to properly compare and identify the skeletal remains to the missing persons reports.  
Konigsberg (2009: 78) stated that “in order for forensic anthropologist to assist in identification 
of unknown remains it is important to function within the same cultural milieu as the medico-
legal community and the pool of potential missing individuals.”  
 According to Bass (2005) the skull is the only area of the skeleton from which an 
accurate estimation of ancestry may be obtained.  Ancestry determinations are confined to the 
facial skeleton and have two major approaches: (a) anthroposcopy (e.g. morphological and 
anatomical variations of the bone structure) and (b) osteometrics (e.g. anthropometric 
measurements) (Giles and Elliot 1962; Bass 2005; Birkby et al. 2008; Byers 2008).  Some 
morphological characteristics are common to specific population groups. These may be restricted 
to a specific geographic region.  Several morphological differences that are attributed to ancestral 
determination include features of the nasals, facial skeleton, cranial vault, mandible, and teeth 
(Tables 5 and 6).  
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Table 5: Cranial non-metric traits for estimating ancestry  
Whites Blacks Asians and Native Americans 
Spatulate incisors Spatulate incisors Shoveled incisors 
High narrow nasal rooth Low rounded nasal root Low ridged nasal root 
High nasal bridge Low nasal bridge Low Nasal Bridge 
Pronounced nasal spine Small nasal spine Small nasal spine 
Sharp (sill) lower nasal border Guttered lower nasal border Flat sharp lower nasal border 
Narrow nasal width Wide nasal width Medium nasal width 
Straight facial profile Projecting facial profile Intermediate facial profile 
Narrow facial shape Narrow facial shape Wide facial shape 
Angular eye orbits Rectangular eye orbits Rounded eye orbits 
Receding lower eye border Receding lower eye border Projecting receding lower eye border 
Heavy brow ridges Small brow ridges Small brow ridges 
Rugged muscle marks Smooth muscle marks Smooth muscle marks 
Simple vault sutures Simple vault sutures Complex vault sutures 
Spatulate maxillary incisors Spatulate maxillary incisors Shoveled maxillary incisors 
Combined from information in Krogman (1962); Brues (1977) 
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Table 6: Non-metric cranial traits for Hispanics 
Hispanics 
Shoveled Anterior teeth 
Anterior malar projection 
Short posterior occipital shelf 
Less elaborate nasal sill (dull) 
Oval window visualization zero to partial 
Enamel extensions on molars 
Nasal overgrowth 
Wide frontal process of the zygomatic 
Platymeria of the subtrochanteric region of the 
femur and sharp medial crest. 
(Birkby et al. 2008: 31) 
  
 Craniometric data is important in the forensic context as well as in bioarchaeological 
research on skeletal remains from historic sites (Jantz and Owsley 1994 in Buikstra and Ubelaker 
1994).  According to Buikstra and Ubelaker, measurement landmarks, techniques and 
instrumentation appropriate for the twenty-four cranial, ten mandibular measurements, and forty-
four postcranial measurements comprise the primary data set used for skeletal analysis (1994: 
69).  Cranial measurements are primarily used for ancestry determination.  The program 
developed by Jantz and Ousley to compare individuals with known groups by skeletal (mainly 
skull) measurements is known as FORDISC (Jantz and Ousley 1996-2005).  
 FORDISC is a software tool that automates metric estimation of sex and ancestry (Jantz 
and Ousley 2013).  FORDISC uses linear discriminant function analysis to compare 
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measurements from an unknown skeleton to reference samples in order to estimate ancestry or 
sex to which the person would likely have belonged in life (Jantz and Ousley 2013: 253).  The 
first output presents the variables that are utilized and a classification matrix of the reference 
samples selected (Jantz and Ousley 2013).  The second part of the output shows a multi-group 
classification table.  This table shows the classification of the skull, the “distance from, posterior 
probability, and typicality probability ” (Jantz and Ousley 2013: 257).  
 FORDISC was developed as a tool for forensic anthropologists, however there are 
limitations to this program like other skeletal analyses.  Applying FORDISC to populations that 
are found in the FORDISC database can cause problems.  The discriminant function analysis 
always classifies an unknown to its nearest group mean as this is how this statistical process 
works. FORDISC 3.0 will not allow classification if the post probability is too low and 
sometimes resulting in misclassification (Morris 2010).  
 Like sex determination, more statistical techniques are needed for ethnic determination 
using postcranial elements.  If the skull is not recovered forensic anthropologists must rely on 
postcranial traits to determine ancestry of the unidentified individual.  Most research is focused 
on the femur.  Some traits include the anterior curvature of the femoral shaft (Stewart 1962; and 
Trudell 1999), the shape of the proximal diaphysis or the platymeric index (Gilbert and Gill 
1990), and the depth of the inter-condylar notch (Baker et al. 1990).  
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REPLICATION OF THE ATLAS AS AN EFFECTIVE DISCRIMINATOR OF SEX AND 
ANCESTRY APPLIED TO MODERN EURO-AMERICANS, AFRICAN-AMERICANS, AND 
HISPANICS 
 Marino (1993; 1995; 1997) took eight measurements of the atlas (first cervical vertebra) 
from the Hamann-Todd and Terry Collections. According to Marino, “Because the atlas is, in 
essence, a block under pressure, its articular surfaces-superior and inferior- will possess 
measurable differences between heavier and lighter loads.  It is these differences that allow this 
bone to be used as a race and sex discriminator” (1993: 9).  
SEX DETERMINATION 
 The atlas is located inferior to the basi-cranium and superior to the axis.  This element is 
responsible for supporting the weight and pivoting of the skull (Marino 1993).  A study 
conducted by Holland (1985) noted that the occipital condyles were sexually dimorphic because 
“as fulcra in a class-I lever system, the condyles undergo stress as the skull pivots on the axis-
atlas complex” (Marino 1993: 11).  “In essence stress is transmitted to the element(s) to which 
they articulate” (Aiello and Dean 1990: 215).  The amount of load that must be supported by the 
vertebra dictates the size of its respective articular surfaces and it is these measureable size 
differences that should be detectable on the superior and inferior facets (Marino 1993: 11).  As 
Marino (1993) states the weight of the skull increases the size of occipital condyles, which in 
turn will increase the superior facets of the atlas.  This process will in turn be affecting the 
inferior facets onto the superior facets of the second cervical vertebra, the axis.  
 Based on these observations by Holland (1987) and Marino (1993; 1995; 1997) it is 
logical to hypothesize that there are measureable differences between the atlas.  Marino states 
“However, because differences for race are not as easily subsumed under the block-under-
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pressure metaphor it should be more difficult to bring radical distinctions to the same level of 
quantification and analytic observation as for sex distinctions (1993: 14). The skull is not always 
found, and postcranial osteometrics could provide an accurate estimate of ancestry in this case 
(Holliday and Falsetti 1999; Jantz and Ousley 2005; Wescott 2005; Spradley and Weisensee 
2013).  
ANCESTRY DETERMINATION 
 As a result of human skeletal plasticity, the atlas should exhibit different characteristics.  
However, because sex and ancestry differences are not analytically observable to the unaided 
eye, a metrical, or sense enhanced analysis is required (Marino 1993).  Previous studies (e.g., 
Giles and Eliot 1961; 1963; Holland 1985; 1986a; and 1986b) demonstrate that in variation in 
the atlas should be amenable to analysis using multiple-linear regression and discriminant 
function analysis (Marino 1993: 15).  
HYPOTHESES: 
 1. Null hypothesis: Hispanics cannot be distinguished from other populations using 
 measurements of the atlas. 
 Alternative hypothesis: Hispanics can be distinguished from other populations using 
 measurements of the atlas. 
 2. Null hypothesis: Sex cannot be distinguished using measurements of the atlas. 
 Alternative hypothesis: Sex can be distinguished using measurements of the atlas.  
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CHAPTER 6: 
MATERIALS AND METHODS 
 
 
 The samples for this study are composed of males and females from the William M. Bass 
Donated Skeletal Collection, at the University of Tennessee, Knoxville, TN, the Pima County 
Coroner’s Office, Pima County AZ, and the Maxwell Museum’s Donated Skeletal Collection, at 
the University of New Mexico, Albuquerque, NM (Figures 21 - 23).  The William M. Bass and 
Maxwell Museum collections are comprised of donated skeletal specimens.  The William M. 
Bass Donated Skeletal Collection began accepting donations in 1981.  It is the largest 
documented twentieth and twenty-first century modern human collection (Tersigni-Tarrant and 
Shirley 2012).  The collection contains individuals of “Caucasian, African-American, Hispanic, 
Native American, and Japanese ancestry” (Tersigni-Tarrant and Shirley 2012:10).  One hundred 
and four Euro-Americans (Caucasians), fifty-one African-Americans, eighteen Hispanics, four 
Caucasian/Native American, one African-American/Hispanic, one Native American, and one 
Albanian were used from this collection.  The donation years range from the first donation of the 
collection in 1981 up to the 59
th
 donation of 2010.  The age range of this sample was 20-99 
years. 
 The Maxwell Museum Documented Skeletal Collection at the University of New 
Mexico, Albuquerque, NM was established in 1984 and contains over 200 individuals with 
documented ancestry, age, and sex (Tersigni-Tarrant and Shirley 2012).  This collection contains 
individuals of Caucasian, African-American, and Hispanic ancestral groups. Six Hispanics and 
five African-Americans were used from this collection. The age range of this sample was 52-100 
years.  
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 The Pima County Medical Examiner’s Office in Pima County, AZ was selected because 
more than 1000 people have died between 2001 and the spring of 2007 in their attempt to cross 
into Arizona from Mexico (Anderson and Parks 2008).  This sample is comprised of eleven 
individuals determined to be Hispanic, five Euro-Americans, three individuals of mixed ancestry, 
and two individuals labeled as basically Mongoliod and basically Caucasian.  The individuals 
used from Pima County Coroner’s Office were unidentified and thus only age ranges were 
provided for the specimens.  The youngest specimen was between the ages of ten and twelve and 
the oldest over fifty years of age.  
 Unfortunately, PMCO does not keep skeletal remains for teaching and/or research.  
PMCO determines the biological profile of the individual, and then enters the information into 
NamUS (Bruce Anderson, personal communication, August 6-8, 2012; Soler and Anderson 
2013; Anderson 2013).  NamUs is a national centralized repository and resource center for 
missing persons and unidentified descendent records (Anderson, personal communication, 
August 6-8, 2012; Soler and Anderson 2013; Abel 2013; Anderson 2013; NamUs 2013). This 
system contains three databases to help identify missing persons that include the Missing Persons 
Database, the Unidentified Persons Database, and the Unclaimed Persons database.  If the 
undocumented border crosser is identified, the remains will be repatriated back to their families.  
 Unfortunately not all the remains are claimed.  Unidentified border crossers in Pima and 
Santa Cruz Counties are cremated (Bruce Anderson, personal communication, March 15, 2013). 
However those from Pinal County, AZ may either be cremated or buried (Bruce Anderson, 
personal communication, March 15, 2013).   
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Figure 21: A breakdown of the number of skeletons used from each collection. 
 
  
 
Figure 22: The relative number of males, females, and unknowns in the sample. 
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Figure 23: The relative number of Euro-Americans, African-Americans, Hispanics, and Others in 
the sample. 
 
  
 Seven of the eight measurements developed and defined by E.A. Marino were taken from 
the right superior and inferior surfaces of the atlas.  The maximum width as measured along the 
long axis of the anterior fovea (right to left) was substituted for the maximum width of the 
vertebral foramen.  This measurement was substituted because it is hypothesized that the width 
of the vertebral foramen would increase as the result of an increase in the cranial load. 
Measurements were selected based on their observed replicability and the ease with 
which they could be taken (Marino 1993).  This study also applies four additional measurements 
of the superior and inferior left facets.  The left side is considered to be the standard side during 
skeletal analysis (Buikstra and Ubelaker 1994).  Each measurement was obtained using sliding 
calipers graduated to 0.05 mm.  The measurements include: 
1. Length of the Left Superior Facet-Maximum length of superior facets (LSFL) (Figure 24) 
17% 
26% 
51% 
6% 
Ancestry: N = 210 
Hispanic
African-
American
Euro-American
Other
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2. Length of the Right Superior Facet- Maximum length of superior facets (LSFR) 
 (Figure 24). 
3. Width of the Left Superior Facet-Maximum width of medial/lateral edges of the facets 
(WSFL) (Figure 25). 
4. Width of the Right Superior Facet-Maximum width of medial/lateral edges of the facets 
(WSFR) (Figure 25). 
5. Length of the Left Inferior Facet-Maximum length of the inferior facets (LIFL). 
Maximum length as measured between the distal/proximal edges of the facets (Figure 
26). 
6. Length of the Right Inferior Facet-Maximum length of the inferior facets (LIFR). 
Maximum length as measured between the distal/proximal edges of the facets (Figure 
26). 
7. Width of Left Inferior Facet- Maximum width of inferior facet edges of the facet (WIF) 
(Figure 27). 
8. Width of Right Inferior Facet- Maximum width of inferior facet edges of the facet (WIF) 
(Figure 27). 
9. Maximum Distance between Superior Facets- Maximum distance between the lateral 
edges of the superior facets (MxDS) (Figure 28).  
10. Maximum Distance between inferior facets- Maximum distance between the lateral edges 
of the inferior facets- (MxDI) (Figure 29). 
11. Length of Vertebral foramen- Maximum length of the vertebral foramen (LVF) 
 (Figure 30).  
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12. Width of the Vertebral Foramen- Maximum width of Vertebral Foramen (WFV)  
(Figure 31) (Marino 1997).  
 
Figure 24: The Length of the Superior Facets  
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Figure 25: The Width of the Superior Facets 
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Figure 26: Maximum Length of the Inferior Facets  
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Figure 27: Maximum Width of the Inferior Facets 
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Figure 28: Maximum Distance Between the Superior Facets 
 
 
 Left     Right 
 
Figure 29: Maximum Distance Between The Inferior Facets 
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Figure 30: Maximum Length of the Vertebral Foramen 
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Figure 31: Maximum Width of the Vertebral Foramen 
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MEASUREMENT REPLICIBILITY 
 Measurements were replicated in order to measure the amount of intra-observer error. 
Twenty percent of the vertebrae from the Bass, Maxwell, and Pima County specimens were 
measured twice.  The control measurements were separated by a period of one to four days.  A 
paired samples t-test was conducted to determine whether there was a significance difference 
between the initial measurements and the control.  There were no significant differences found 
between repeated measurements using the paired samples t-tests (Table 7). 
Table 7 
 
 
DISCRIMINANT ANAYLSIS 
 Discriminant analysis in SPSS version 20 was conducted to determine if there are 
measurements of the atlas that reflect ancestry or sexual dimorphism in modern Euro-Americans, 
African Americans, and Hispanics.  Discriminant analysis is a statistical technique, which allows 
the researcher to study the differences between two or more groups of objects with respect to 
several variables simultaneously (Klecka 1980: 7).  Data from individuals who are already 
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classified into groups is used to derive rules for classifying new (as yet unclassified) individuals 
on the basis of their observed variable values (Landau and Everitt 2004).  It is capable of 
analyzing two groups or multiple groups.  “When two classifications are involved the technique 
is referred to as two-group discriminant analysis, and when three or more classifications are 
identified the technique is referred to as multiple discriminant analysis (MDA)” (Hair et al. 1979: 
85).  The step-wise method was used, and the data was cross-validated using the leave-one-out 
(jackknife) classification procedure.  The results are displayed using the canonical discriminant 
function plots.  
 There are two types of discriminant analysis: predictive and descriptive.  Predictive 
discriminant analysis is used for prediction purposes where the multiple response variables play 
the role of predictor variables (Huberty 1994).  Descriptive discriminant analysis (DDA) is the 
viewed as the outcome variables and the grouping variable(s) as the explanatory variable(s) and 
thus is used to group separation or group differences with respect to the outcome variables 
(Huberty 1994: 30).  This research uses the predictive discriminant analysis.   
 Discriminant analysis uses a set of metric variables to estimate the group to which an 
individual belongs.  Its application is to find the differences between groups and to derive one or 
more mathematical equations for the purpose of classification (Klecka 1980). These equations 
are then called discriminant functions.  “These functions combine the group characteristics in a 
way that will allow one to identify the group which a case most likely resembles” (Klecka 1980: 
9).  The characteristics to distinguish among groups are known as discriminating variables.  In 
order to conduct a discriminant analysis the variables must be measured at the interval or ratio 
level of measurement.  The discriminant function is a linear equation in the following form (Hair 
et al. 1979; Hair et al. 1987) 
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Z = C + W1X1+ W2X2  +  W3X3 … WnXn  
where  
    There are n variables  
    Z= the discriminant score 
    C = constant 
    W = discriminant weight 
    X = independent variables 
Hair et al. define the discriminant weight as:  
 “Referred by some as a discriminant coefficient, its size is determined by   
 the variance structure of the original variables. Independent variables with  
 large discriminatory power usually have large weights and those with little  
 discriminatory power usually have small weights; collinearity among the   
 independent variables will cause exception to this rule” (1979: 83). 
  
 
 Using discriminant analysis, independent variables can be selected for inclusion using 
two methods: (a) the direct entry method and (b) the stepwise method (Hair et al. 1995).  The 
direct entry method allows the researcher to select variables to include without any preliminary 
evaluation (Olson 1999: 26).  The stepwise method assesses the independent variables’ 
predictive values (Olson 1999).  The most predictive variables are then used to calculate the 
discriminant function.  This allows SPSS to examine each variable to see whether there is 
actually any difference between the groups on this variable, and choose not to use it if there it 
does not exhibit a significant difference between the groups.  The step-wise method was used, 
and the data was cross-validated using the leave-one-out (jackknife) classification procedure.   
 53  
 There are three main steps for applying discriminant analysis.  The first step is to estimate 
the discriminant functions that discriminate between groups (Gonzalez et al. 2011).  The second 
step is to classify the individuals according to the group for which they have the highest 
probability of membership (Gonzalez et al. 2011: 85).  The last step is the cross-validation 
analysis.  During a cross-validation analysis, “each case is classified by functions derived from 
all other cases, leaving out the selected case” Gonzalez et al. 2011: 85). 
  One key indicator of the ability of a discriminant analysis is to provide a classification 
with a high degree of probability is the distances between the group centroids along the 
discriminant function axes (Hair et al. 1987).  This is computed by comparing the distribution of 
the discriminant scores for the groups (Hair et al. 1987).  If the overlap of the distribution is 
small, the discriminant function separates the groups well; however if the overlap is large, the 
function is a poor discriminator between the groups (Hair et al. 1987). This significance was 
tested using the Wilks Lambda, which reports the probability that the null hypothesis is true, i.e. 
that the groups were all equal with respect to the discriminant functions.  
 Finally an analysis of variance, also known as ANOVA, was conducted. ANOVA 
analyzes the effects of one or more categorical independent variables, measured at different 
levels upon a continuous dependent variable that is assumed to be measured on an interval scale 
(Hair et al. 1979: 128-130).  
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CHAPTER SEVEN 
RESULTS AND DISCUSSION 
RESULTS 
  Using the Terry and Hamann-Todd Collection, Marino (1993; 1997) found that the 
measurements of blacks and whites differ in their contribution to each function.  He found that 
“WIF and MxDI are consistently different in blacks and whites in both sexes while LSF and 
MxDS show racial differences in males, but not in females” (Marino 1997: 1116).  He also found 
that the  WSF, LIF, LVF, and WVF measurements show little ancestral differences in both sexes 
(Marino 1997).  Marino found that the overall measurements were slightly higher in whites than 
in blacks (1997).   
 This study expands the techniques and analysis of the Marino studies to include 
populations of Hispanic classification and includes a large sample of white and black skeletons 
as a comparison to the Marino study to validate and verify the study results. Both sex and 
ancestry are analyzed.  In this study the results from discriminant function analysis with stepwise 
variable selection the statistical examination for sex estimation are consistent with Marino’s 
(1993;1995) sexual dimorphism analysis (Table 8).  This analysis yielded between 75.6 % and 
89.1% accuracy.  
Table 8: Discriminant Function Analysis For Sex  
Groups Discriminant Function Sectioning Point Accuracy 
Euro, African Americans, 
and Hispanics 
MXDI(.137) + LVD (.152) 
+ WIFL (.292) + WSLF 
(.209) – 18.444 
< 0 Male 
> 0 Female 
75.6% Cross-validated 
African MXDI(.323) -14.900 < 0  Male 
> 0 Female 
89.1% Cross-validated 
Euro-American WIFL (.298) + WSLF 
(.181) + MXDI (.190) + 
MXDS (.106) – 21.427 
< 0 Male 
> 0 Female 
87.5% Cross-validated 
Hispanic WSRF (.418) + WVD 
(.528) – 20.097 
< 0 Male 
> 0 Female 
86.7% Cross-validated 
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 Ancestral classification accuracy using the atlas in this study is as follows: for all four 
ancestral categories: 40.6% (Euro-Americans, African-Americans, Hispanics, and Others)(Table 
9); 47.4% for Euro-Americans, African-Americans, and Hispanics(Table 10); 62.7%  for Euro-
Americans and African-Americans; 55.7% for Euro-Americans and Hispanics; and 68.8% for 
African-Americans and Hispanics (Table 11).  
Table 9: Four Group Ancestry Discriminant Function analysis of Ancestry Determination: Both 
Sexes 
Groups Discriminant Function Sectioning Point Accuracy 
Euro-American  
Discriminant Function 1: 
LVD(-.130) + WVD 
(.487) -9.939 
 
Discriminant Function 2: 
LVD(.477) + WVD(-.086) 
-12.362 
Function 1: < 0   
Function 2: < 0 
 
 
40.6% Cross-validated African-American Function 1: > 0 
Function 2: < 0 
Hispanic Function 1: > 0 
Function 2: > 0 
Other Function 1: > 0 
Function 2: > 0 
 
Table 10: Three Group Ancestry Discriminant Function Analysis of Ancestry Determination: 
Both Sexes 
Groups Discriminant Function Sectioning Point Accuracy 
Euro-American  
Discriminant Function 1: 
WIFR (-.091) + WVD 
(.463)–  11.851 
 
Discriminant Function 2: 
WIFR (.576) + WVD(-
.072) - 7.422 
Function 1> 0  
Function 2 > 0  
 
 
47.4% Cross-validated 
African American Function 1 < 0 
Function 2 > 0 
Hispanic Function 1< 0 
Function 2 < 0 
 
Table 11: Two Group Ancestry Discriminant function analysis of ancestry determination: Both 
Sexes 
Groups Discriminant 
Function 
Sectioning Point Accuracy 
Euro-American & Hispanic MXDS(.251) -
12.309 
< 0 Euro-American 
> 0 Hispanic 
55.7% Cross-validated 
African American & Hispanic WVD(-.378) + 
WIFR(.566) + 
1.395 
< 0 African 
American 
> 0 Hispanic 
70.8% Cross-validated 
Euro-Americans & African 
Americans 
WVD (.436) – 
12.614 
< 0 Euro-American 
> 0 African 
American 
62.7% Cross-validated 
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 Ancestry was also determined using discriminant function analysis in single-sex samples. 
The analysis shows a range of 68.8% -84.6% accuracy of female ancestry determination (Tables 
12 and 13) and 57.8% - 74.2% accuracy for male ancestry determination (Tables 14 and 15). 
 
Table 12: Three Group Discriminant Function Analysis of Female Ancestry Determination 
Groups Discriminant Function Sectioning Point Accuracy 
Euro-American  Discriminant Function 1: 
MXDI (.217) + LVD 
(.274) -18.083 
 
Discriminant Function 2: 
MXDI (-.218) + LVD 
(.492) -5.121 
Function 1: < 0  
Function 2: > 0 
 
 
68.8% Cross-validated 
African American Function 1: > 0 
Function 2: < 0 
Hispanic Function 1: > 0 
Function 2: > 0  
 
Table 13: Two Group Discriminant function analysis of Female Ancestry Determination 
Groups Discriminant Function Sectioning Point Accuracy 
Euro,  & African 
American 
WIFL (-.527) + MXDI 
(.375) -8.839 
< 0 Euro-American 
> 0 African American 
82.8% Cross-validated 
Euro-American & 
Hispanic 
LVD (.521) – 15.816 < 0 Euro-American 
> 0 Hispanic 
84.6% Cross-validated 
African American & 
Hispanic 
LVD (.655) – 19.016 < 0 African-American 
> 0 Hispanic 
84.6% Cross-validated 
  
 
Table 14: Three Group Discriminant Function Analysis of Male Ancestry Determination 
Groups Discriminant Function Sectioning Point Accuracy 
Euro-American Discriminant Function 1: 
MXDI (.324) + WVD 
(.212) -21.8031 
 
Discriminant Function 2: 
MXDI (-.308) + LVD 
(.451) + 1.7092 
Function 1: < 0 
Function 2: > 0 
 
 
57.8% Cross-validated African American Function 1: > 0 
Function 2: > 0  
Hispanic Function 1: > 0 
Function 2: < 0 
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Table 15: Two Group Discriminant Function Analysis of Male Ancestry Determination 
Groups Discriminant Function Sectioning Point Accuracy 
Euro,  & African 
American  
LSLF (.195) + WSLF 
(.232) + MXDI (.235) + 
WVD (.182) – 24.195 
< 0 Euro-American 
> 0 African American 
71.7% 
Cross-
validated 
Euro-American & 
Hispanic 
LSRF (.192) + MXDI 
(.357) – 21.992 
< 0 Euro-American 
> 0 Hispanic 
79.2% 
Cross-
validated 
African American & 
Hispanic 
WIFL (.531) + LVD 
(.246) + WVD (-.550) -
.841 
<  0 African American 
> 0 Hispanic 
74.2% 
Cross-
validated 
 
Table 16: ANOVA Analysis on Sex
5
: This table shows the effects of categorical independent 
variables (sex), measured at different levels upon a continuous dependent interval or ratio 
variable.  
 
 
                                                        
5 See Appendix for the other ANOVA outputs  
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DISCUSSION  
 Marino’s study concluded “60-85% accuracy for sex and 56-67% accuracy for ancestry 
using an element that has no anatomical, or visual indicators of sex and race” (1993: 34).  The 
results from this study conclude that sex estimation accuracy is 75.7-89.1% and ancestry 
estimation of 40.6-84.6% accuracy.  
 The higher accuracies for the sex estimate are to be expected.  Males and females differ 
in size and architecture (Byers 2008).  The skull is used as an indicator of sex.  Byers states “the 
most basic difference (in the skull), is size and rugosity” (2008: 191). Male crania are larger and 
more robust where as females are smaller and more gracile (Byers 2008). This also holds true 
with distinguishing between males and females using the atlas.  A compare means analysis 
compares the means of each individual group. The means of each population group based on sex 
shows that all measurements were larger in males (Tables 19-26).  ANOVA analysis was also 
conducted and shows that only two of the 12 measurements were insignificant (WSRF and 
WVD). The full results of the ANOVA analyses are in the appendix. This method suggests that 
the weight load of the cranium affects the size of the atlas, which then results in significant 
accuracy of sex determination.  Thus a male’s cranium is larger which will result in larger 
features of the first cervical vertebra.  
 The accuracy of sex determination analysis for all three groups is lower when compared 
to Marino’s study.  One explanation for the lower accuracy is that Marino looked only at two 
groups. This study extended this to a third group. By adding one more group increase variation, 
which can explain the misclassifications.  This can be explained by misclassifications of the 
Hispanic atlases.  Individuals from the Southwest are smaller in size.  The males that are 
 59  
identified as Hispanics have a higher statistical likelihood to be classified more closely to 
females when looking at all three groups.  
 Craniofacial traits undeniable exhibit high heritability (Sparks and Jantz 2002) in that we 
all tend to resemble our parents and family members, and population differences are observable 
at a young age (Vidarsdottir et al. 2002).  However on a much larger time scale, the craniofacial 
complex has been subject to environmental influence particularly in adaptive response to diet or 
extremes of climate (Harvati and Weaver 2006).  This process may be ongoing with the 
craniofacial complex subject to secular changes (Roseman and Weaver 2004; Ross 2004; Sparks 
and Jantz 2002), but “considering that we are rarely exposed to the elements of nature in the 
developed world and that modern migration between very different climates takes a matter of 
hours than generations, heredity and admixture undoubtedly play a greater part than the 
environmental variables in the derivation of the face of modern individuals” (Ferguson et al. 
2011: 129).  
 As the compare means Table 27 illustrates, the atlas has some use in determining 
ancestry.  The biomechanical forces, which are most likely connected to weight-bearing 
activities, that are discernible in portions of the cranial base and that allow it to be used to 
estimate ancestry are also evident in similar portions of the atlas (Marino 1997:1116).  This 
would suggest that there are differences in the load-bearing characteristics of individuals of 
different ancestry (Marino 1997).  The compare means analysis concludes that Euro-Americans 
have a larger atlas than African-Americans and Hispanics.  This would suggest that there is 
significant differences between the three groups.  
 The accuracy of sex estimation from Marino’s (1997) study ranges from 60-76% and the 
accuracy of ancestry estimation ranges from 47.4%-72%.  The higher accuracy between Euro-
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Americans and African Americans can be explained by the population history and assortative 
mating practices.  Assortative mating is the nonrandom mate selection based on phenotypes 
(Stevenson 1991).  Positive assortative mating (homogamy) refers to the trend of individuals to 
be more likely to mate with phenotypically similar individuals (Stevenson 1991; Jobling et al. 
2004; Mielke et al. 2011).  This type of mating increases homozygosity and decreases 
heterozygosity.  In other words, assortative mating is when individuals choose mates that are the 
most similar based on skin color, language, culture, etc. As Spradley and Weisensee state, “the 
majority of Black individuals in the United States have ancestors from West Africa while the 
majority of White individuals have ancestors from Europe” (2013:236).  Although there was 
some gene flow between Euro-Americans and African Americans, cultural practices inhibited 
large amounts of genetic exchange between these two groups.  Assortative mating practices still 
maintain differences in population structure between these two groups today (Ousley 2009; 
Spradley and Weisensee 2013). 
 The low accuracy of ancestry determination for the Hispanic group could be explained by 
admixture.  The Hispanic population group is culturally and genetically a heterogeneous group 
(Bertoni et al. 2003) as a result of admixture.  Admixture is the result of mixing genes from two 
or more populations, which creates a hybrid population (Relethford 2003; Jobling et al. 2004).  
Hispanics can have a trihybrid background consisting of Europeans, Africans, and Native 
Americans (Bertoni et al. 2003; Burchard et al. 2005).  Their genes come from multiple sources 
depending on the nationality and geographic origin of the individuals that make up the group 
(Spradley and Weisennsee, 2013).  According to Relethford, “Approximately 60 percent of the 
current population of Mexico is made up of mestizos, people who have “mixed” Spanish and 
Native American ancestry” (2003: 211).  The gene pool also has a small contribution of African 
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genes (Bertoni et al. 2003; Relethford 2003).  The history of contact and different cultural factors 
affect the different classification rates seen from population to population.  As a result of the 
trihybrid background, Hispanics low discriminant function classification accuracy was to be 
expected. 
 The low accuracy of ancestry determination amongst the Hispanic group can also be 
explained by the small sample size.  There are relatively small numbers of Hispanic skeletal 
specimens and collections in the United States.  This study used a sample size of thirty-five 
Hispanic individuals.  Eighteen were from the William Bass Donated Skeletal Collection; six 
were from the Maxwell Museum of Anthropology; and eleven were from the Pima Co. Office of 
the Medical Examiner (PMCO).  
 Another explanation for the low classification accuracy in Hispanics could be the result 
of the variability due to sexual dimorphism.  To investigate the effect of sex on the accuracy of 
ancestry classification the research also looked at using single-sex samples for ancestry using 
single-sex samples for ancestry determination.  When looking at ancestry discriminant analysis 
using only females the cross-validation results were 68.8-84.6% and using only males 57.4-
74.2%.  This increase in accuracy can be explained by the reducing the amount of variability in 
the analysis that was contributed by sex differences.  Discriminant analysis for sex estimation 
showed significance differences between males and females.  Removing the effect of sex from 
the analysis reduces the sexual dimorphism variability.  Thus increasing the accuracy of ancestry 
estimation. 
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CONCLUSIONS AND FUTURE RESEARCH 
 
 This study supports the hypothesis that Hispanics can be distinguished using 
measurements of the atlas.  This study also supports the hypothesis that the sexes can be 
distinguished using measurements of the atlas.  The significant number of unidentified remains 
that are found every year in the American Southwest makes tools to develop a biological profile 
of an unknown skeleton important.  The assumption that a high percentage of these unidentified 
skeletons are of Hispanic ancestry means that accurate methods for determining sex and ancestry 
for skeletons that are often incomplete and missing the two main skeletal elements, the skull and 
os coxae, due to environmental effects will improve the accuracy of the forensic analyses.  If a 
forensic anthropologist is incorrect in the ancestry and sex identification the individual may 
remain unidentified (Spradley and Weisensee 2013).  
 This use of the atlas for sex and ancestry determination was originally studied by Marino 
who analyzed two historic skeletal populations from the Hamann-Todd and Terry Collections 
consisting of individuals of white and black ancestry and has now been replicated and expanded 
to include individuals of Hispanic ancestry.  I hypothesized there are statistically significant 
differences between sex. This study applied a discriminant analysis on Marino’s measurements 
to a modern population. Both of these studies have shown that the discriminant analysis can be 
applied to the atlas to classify sex.  Sexual dimorphism is seen throughout skeletal elements. This 
discriminant analysis shows a strong statistical significance in differences between sex using the 
atlas.  
 Although the results are lower for ancestry estimation, the accuracy in some instances is 
better than chance or 50%.  As previous studies have shown postcranial ancestry determination 
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methods’ accuracy is lower than that of the crania.  This study concludes that this method yields 
slightly significant results for ancestry determination.   
 However, I like Marino, conclude that “before any reliance is placed on this technique 
within forensic applications, more work with larger and more geographically and temporally 
diverse populations should be conducted” (1995:132; and 1997: 1116).  Future research should 
look at different populations. Several studies have been conducted on the base of the skull 
(Holland 1985; 1986a; and 1986b), the atlas (Marino 1993, 1995, 1997), and the axis (Wescott 
2005).  Future research should also be conducted on the lower vertebrae.  
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APPENDIX 
Table 17: Preliminary Monthly Temperature Data: February 2010-2013 
Month/Year High Low 
Avg. 
High Avg. Low # of Days above 90 # of Days Below 32 
Feb. 2013 75 29 64.2 37.4 0 7 
Jan. 2013 81 17 63.2 36.5 0 12 
Dec. 2012 81 30 66.1 40.7 0 4 
Nov. 2012 90 35 79.6 49.6 2 0 
Oct. 2012 99 44 88.8 58 14 0 
Sep. 2012 103 63 94.2 69.9 25 0 
Aug. 2012 109 71 100.5 75.8 29 0 
Jul. 2012 105 68 97.3 74.2 30 0 
Jun. 2012 108 62 103.4 72.2 30 0 
May. 2012 105 53 95 63 25 0 
Apr. 2012 101 40 85.5 54 14 0 
Mar. 2012 91 29 76.6 44.5 1 1 
Feb. 2012 80 34 69.9 41.3 0 0 
Jan. 2012 80 32 70 41 0 2 
Dec. 2011 79 28 60.4 37.4 0 9 
Nov. 2011 87 35 71 46.7 0 0 
Oct. 2011 99 45 88.5 58 18 0 
Sep. 2011 106 63 95.7 69.5 26 0 
Aug. 2011 108 72 101.3 77.3 31 0 
Jul. 2011 111 67 100.4 75.7 30 0 
Jun. 2011 112 59 103 69.3 30 0 
May. 2011 100 47 88.8 58.2 18 0 
Apr. 2011 95 37 84.6 54.7 9 0 
Mar. 2011 90 40 80.1 48 2 0 
Feb. 2011 82 18 66.9 36.9 0 6 
Jan. 2011 78 21 67 36.2 0 6 
Dec. 2010 84 25 71 42.4 0 3 
Nov. 2010 88 23 72.8 43.7 0 3 
Oct. 2010 102 51 86.1 59.1 9 0 
Sep. 2010 105 62 98.1 71.2 29 0 
Aug. 2010 106 69 98.6 75.2 30 0 
Jul. 2010 108 69 100.2 77.7 30 0 
Jun. 2010 109 60 101.4 71.2 28 0 
May. 2010 101 43 90.2 57.3 18 0 
Apr. 2010 89 41 79.9 50.8 0 0 
Mar. 2010 88 36 72 45.1 0 0 
Feb. 2010 76 35 64.9 42.7 0 0 
Total: - - - - 478 53 
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Table 18: Preliminary Monthly Climate Data: February 2010-2013 
Month/Year Thunderstorm Rain Fog Haze 
Dust 
Storm 
Fog w/vis < =1/4 
mi 
Feb. 2013 
 
5 4 
   Jan. 2013 
 
7 2 1 
  Dec. 2012 
 
15 6 1 
  Nov. 2012 
  
6 1 
  Oct. 2012 
   
2 
  Sep. 2012 8 
 
2 1 
  Aug. 2012 15 
 
2 1 
  Jul. 2012 17 
 
6 
  
2 
Jun. 2012 4 
  
5 
  May. 2012 
   
8 1 
 Apr. 2012 
  
1 8 
  Mar. 2012 1 
 
1 4 
  Feb. 2012 
  
1 
   Jan. 2012 
  
2 2 
  Dec. 2011 
  
8 3 
 
1 
Nov. 2011 1 
 
6 1 
 
1 
Oct. 2011 3 
 
1 5 
  Sep. 2011 12 
 
5 5 
  Aug. 2011 19 
 
1 3 
  Jul. 2011 17 
 
2 4 
  Jun. 2011 1 
     May. 2011 
   
1 
  Apr. 2011 
  
1 1 
 
1 
Mar. 2011 
   
1 
  Feb. 2011 
   
4 1 
 Jan. 2011 
      Dec. 2010 
  
3 2 
  Nov. 2010 
   
2 
  Oct. 2010 4 
 
1 8 
  Sep. 2010 4 
  
1 
  Aug. 2010 14 
  
3 
  Jul. 2010 12 
 
4 1 
  Jun. 2010 
   
2 
  May. 2010 
   
3 
  Apr. 2010 
      Mar. 2010 
      Feb. 2010 1 
 
6 
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Table 19: Descriptive Statistics of All Measurements of All Groups of the Atlas  
Descriptive Statistics of All Measurements and All Groups 
 N Range Minimum Maximum Mean Std. Deviation Variance 
LIFR 209 10.71 13.22 23.93 17.7713 1.88988 3.572 
LIFL 209 11.66 13.69 25.35 18.0756 1.95154 3.809 
WIFR 208 12.59 9.53 22.12 16.4680 1.81424 3.291 
WIFL 208 8.30 12.30 20.60 16.2496 1.69078 2.859 
LSRF 209 16.50 13.83 30.33 23.0230 2.70735 7.330 
LSLF 210 17.00 12.06 29.06 23.0866 2.68566 7.213 
WSRF 208 10.22 8.65 18.87 12.1353 1.80464 3.257 
WSLF 209 11.11 8.58 19.69 12.0031 1.80047 3.242 
MXDI 207 28.96 27.25 56.21 46.8851 3.41655 11.673 
MXDS 208 29.30 29.85 59.15 48.7744 4.04385 16.353 
LVD 207 15.99 21.21 37.20 31.1036 2.28127 5.204 
WVD 208 14.94 22.89 37.83 28.7926 2.40771 5.797 
Valid N (listwise) 206       
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Table 20: Compare Means Results for Sex 
 
 
1- Males  
2-Females 
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Table 21: ANOVA Analysis on Sex 
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Table 22: Compare Means For Sex of Euro-Americans 
 
1 - Euro-American Males 
2 – Euro-American Females 
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Table 23: ANOVA analysis on Euro-American Males and Females 
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Table 24: Compare Means for Sex of African-Americans 
 
1-African American Males 
2- African American Females 
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Table 25: ANOVA Analysis on African Americans Males and Females 
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Table 26: Compare Means for Sex of Hispanics 
 
 
1- Hispanic Males 
2-Hispanic Females  
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Table 27: ANOVA of Hispanic Males and Females 
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Table 28: Compare Means Results for Ancestry Groups 
 
 
1, Euro-Americans 
2. African Americans 
3. Hispanics 
4. Other 
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Table 29: ANOVA Analysis on Ancestry Groups:  
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STEPWISE METHOD OF THE SEX DISCRIMINANT ANALYSIS USING ALL 
ANCESTRAL GROUPS. 
 
Table 30: shows 190 cases were valid and that 24 cases were excluded.  
 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 190 88.8 
Excluded 
Missing or out-of-range group 
codes 
16 7.5 
At least one missing 
discriminating variable 
6 2.8 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
2 .9 
Total 24 11.2 
Total 214 100.0 
 
 
 
 
Table 31: This table below shows the eigenvalues.  The larger the eigenvalue the more variance 
in the dependent variable is explained by that function. The second column lists the percent of 
variance explained by each function. The third column is the cumulative percent of variance that 
is explained. The last column is the canonical correlation, where the squared canonical 
correlation is the percent of variation in the dependent discriminated by the independents in DA.  
 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .381
a
 100.0 100.0 .525 
a. First 1 canonical discriminant functions were used in the analysis. 
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Table 32: this is the Wilks’ lambda test of the significance of the discriminant function. Note that 
the significance value is .000. This is significant.  
 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .724 60.015 4 .000 
 
 
 
Table 33: This table below contains the unstandardized discriminant function/canonical variant 
coefficients. These would be used like unstandardized B (regression) coeffients in multiple 
regression. These values are used to construct the prediction equations which can be used to 
classify new cases.  
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
MXDI .137 
LVD .152 
WIFL .292 
WSLF .209 
(Constant) -18.444 
Unstandardized coefficients 
 
Table 34: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 33) to set the sectioning point for discriminant functions at 
zero.  In this case a value greater than zero is male, and value less than zero is female.  
 
Functions at Group 
Centroids 
SEX Function 
1 
1 .464 
2 -.813 
Unstandardized 
canonical discriminant 
functions evaluated at 
group means 
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Table 35: Classification results from the stepwise method of the sex discriminant analysis using 
only African Americans. This table is used to assess how well the discriminant function works, 
and if it works equally well for each group of the dependent/grouping variable. 75.3% of the 
cross-validated groups were correctly classified.  
  
 
Classification Results
a,c
 
  SEX Predicted Group Membership Total 
  1 2 
Original 
Count 
1 91 30 121 
2 15 54 69 
Ungrouped cases 7 9 16 
% 
1 75.2 24.8 100.0 
2 21.7 78.3 100.0 
Ungrouped cases 43.8 56.3 100.0 
Cross-validated
b
 
Count 
1 89 32 121 
2 15 54 69 
% 
1 73.6 26.4 100.0 
2 21.7 78.3 100.0 
a. 76.3% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 75.3% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE SEX DISCRIMINANT ANALYSIS: AFRICAN AMERICANS 
 
 
Table 36: shows 46 cases were valid and that 10 cases were excluded.  
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 46 82.1 
Excluded 
Missing or out-of-range group 
codes 
9 16.1 
At least one missing 
discriminating variable 
1 1.8 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0 
Total 10 17.9 
Total 56 100.0 
 
 
 
Table 37: Eigenvaiues for the Significant Discriminant Functions for Sex in African –
Americans 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .574
a
 100.0 100.0 .604 
a. First 1 canonical discriminant functions were used in the analysis. 
 
 
 
Table 38: Wilks’ Lambda Test of Significance For African-Americans 
 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .635 19.728 1 .000 
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Table 39:  Canonical Discriminant Function Coefficients for African-Americans 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
MXDI .323 
(Constant) -14.900 
Unstandardized coefficients 
 
 
Table 40: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 39) to set the sectioning point for discriminant functions at 
zero.  In this case a value greater than zero is male, and value less than zero is female.  
 
Functions at Group 
Centroids 
SEX Function 
1 
1.00 .314 
2.00 -1.749 
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Table 41: Classification results from the stepwise method of the sex discriminant analysis using 
only African Americans. The table is used to assess how well the discriminant function works, 
and if it works equally well for each group of the dependent/grouping variable. 89.1% of the 
cross-validated groups were correctly classified.  
 
Classification Results
a,c
 
  SEX Predicted Group Membership Total 
  1.00 2.00 
Original 
Count 
1.00 36 3 39 
2.00 1 6 7 
Ungrouped cases 8 1 9 
% 
1.00 92.3 7.7 100.0 
2.00 14.3 85.7 100.0 
Ungrouped cases 88.9 11.1 100.0 
Cross-validated
b
 
Count 
1.00 36 3 39 
2.00 2 5 7 
% 
1.00 92.3 7.7 100.0 
2.00 28.6 71.4 100.0 
a. 91.3% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 89.1% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE SEX DISCRIMINANT ANALYSIS: EURO-AMERICANS 
 
Table 42: shows 104 cases were valid and that 5 cases were excluded. 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 104 95.4 
Excluded 
Missing or out-of-range group 
codes 
1 .9 
At least one missing 
discriminating variable 
4 3.7 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0 
Total 5 4.6 
Total 109 100.0 
 
 
Table 43: Eigenvalues for Sex Determination in Euro-Americans 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .918
a
 100.0 100.0 .692 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 44: Wilks’ Lambda Test for Sex Determination in Euro-Americans 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .521 65.147 4 .000 
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Table 45: Canonical Discriminant Function Coefficients for Sex Determination in Euro-
Americans 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
WIFL .298 
WSLF .181 
MXDI .190 
MXDS .106 
(Constant) -21.427 
Unstandardized coefficients 
 
Table 46: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 45) to set the sectioning point for discriminant functions at 
zero.  In this case a value greater than zero is male, and value less than zero is female.  
 
Functions at Group 
Centroids 
SEX Function 
1 
1.00 .931 
2.00 -.967 
Unstandardized 
canonical discriminant 
functions evaluated at 
group means 
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Table 47: Classification results from the stepwise method of the sex discriminant analysis using 
only African Americans. The table is used to assess how well the discriminant function works, 
and if it works equally well for each group of the dependent/grouping variable. 89.1% of the 
cross-validated groups were correctly classified. 
Classification Results
a,c
 
  SEX Predicted Group Membership Total 
  1.00 2.00 
Original 
Count 
1.00 49 4 53 
2.00 8 43 51 
Ungrouped cases 0 1 1 
% 
1.00 92.5 7.5 100.0 
2.00 15.7 84.3 100.0 
Ungrouped cases .0 100.0 100.0 
Cross-validated
b
 
Count 
1.00 48 5 53 
2.00 8 43 51 
% 
1.00 90.6 9.4 100.0 
2.00 15.7 84.3 100.0 
a. 88.5% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 87.5% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE SEX DISCRIMINANT ANALYSIS: HISPANICS 
 
Table 48: shows 29 cases were valid and that 6 cases were excluded. 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 29 82.9 
Excluded 
Missing or out-of-range group 
codes 
4 11.4 
At least one missing 
discriminating variable 
1 2.9 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
1 2.9 
Total 6 17.1 
Total 35 100.0 
 
 
 
Table 49: Eigenvalues for Sex Determination of Hispanics  
 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .770
a
 100.0 100.0 .660 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 50: Wilks’ Lambda Test for Sex Determination of Hispanics 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .565 14.843 2 .001 
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Table 51: Canonical Discriminant Function of Sex Discriminant Analysis in Hispanics 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
WSRF .418 
WVD .528 
(Constant) -20.097 
Unstandardized coefficients 
 
 
Table 52: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 51) to set the sectioning point for discriminant functions at 
zero.  In this case a value greater than zero is male, and value less than zero is female.  
 
 
Functions at Group 
Centroids 
SEX Function 
1 
1.00 .432 
2.00 -1.658 
Unstandardized 
canonical discriminant 
functions evaluated at 
group means 
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Table 53: Classification results from the stepwise method of the sex discriminant analysis using 
only Euro-Americans. The table is used to assess how well the discriminant function works, and 
if it works equally well for each group of the dependent/grouping variable. 86.7% of the cross-
validated groups were correctly classified.  
 
Classification Results
a,c
 
  SEX Predicted Group Membership Total 
  1.00 2.00 
Original 
Count 
1.00 21 3 24 
2.00 0 6 6 
Ungrouped cases 2 2 4 
% 
1.00 87.5 12.5 100.0 
2.00 .0 100.0 100.0 
Ungrouped cases 50.0 50.0 100.0 
Cross-validated
b
 
Count 
1.00 20 4 24 
2.00 0 6 6 
% 
1.00 83.3 16.7 100.0 
2.00 .0 100.0 100.0 
a. 90.0% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified 
by the functions derived from all cases other than that case. 
c. 86.7% of cross-validated grouped cases correctly classified. 
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 STEPWISE METHOD OF THE ANCESTRY DISCRIMINANT ANALYSIS USING 
AFRICAN-AMERICANS, EURO-AMERICANS, HISPANICS, AND “OTHERS” 
 
Table 54: shows 206 cases were valid and that 8 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 206 96.3 
Excluded 
Missing or out-of-range group 
codes 
0 .0 
At least one missing 
discriminating variable 
8 3.7 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0 
Total 8 3.7 
Total 214 100.0 
 
Table 55: Eigenvalues of Ancestry Discriminant Analysis of All Four Groups 
  
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .126
a
 69.7 69.7 .335 
2 .055
a
 30.3 100.0 .228 
a. First 2 canonical discriminant functions were used in the analysis. 
 
Table 56: Wilks’ Lambda Test for Ancestry Determination of All Four 
Groups 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 through 2 .842 34.786 6 .000 
2 .948 10.776 2 .005 
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Table 57: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant Function 
Coefficients 
 Function 
1 2 
LVD -.130 .477 
WVD .487 -.086 
(Constant) -9.939 -12.362 
Unstandardized coefficients 
 
 
Table 58: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 57) to set the sectioning point for discriminant functions at 
zero. In this case in function 1 if it’s greater than 0 its Euro-American. If it’s less than 0 then it’s 
either African-American, Hispanic, or other. If its greater than 0 then its African American in 
function 2.  
 
Functions at Group Centroids 
ANCESTRY3 Function 
1 2 
1.00 -Hispanic -.071 -.340 
2.00 –Euro-American .319 .072 
3.00-Other -.305 -.583 
4.00-African-American -.494 .204 
Unstandardized canonical discriminant 
functions evaluated at group means 
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Table 59: Classification results from the stepwise method of the sex discriminant analysis using 
all four groups. The table is used to assess how well the discriminant function works, and if it 
works equally well for each group of the dependent/grouping variable. 40.6% of the cross-
validated groups were correctly classified.   
Classification Results
a,c
 
  ANCESTRY3 Predicted Group Membership Total 
  1.00 2.00 3.00 4.00 
 
Original 
Count 
1.00 4 8 13 8 33 
2.00 7 47 17 35 106 
3.00 3 3 6 1 13 
4.00 3 9 13 30 55 
% 
1.00 12.1 24.2 39.4 24.2 100.0 
2.00 6.6 44.3 16.0 33.0 100.0 
3.00 23.1 23.1 46.2 7.7 100.0 
4.00 5.5 16.4 23.6 54.5 100.0 
Cross-validated
b
 
Count 
1.00 2 9 14 8 33 
2.00 8 46 17 35 106 
3.00 3 3 6 1 13 
4.00 3 9 13 30 55 
% 
1.00 6.1 27.3 42.4 24.2 100.0 
2.00 7.5 43.4 16.0 33.0 100.0 
3.00 23.1 23.1 46.2 7.7 100.0 
4.00 5.5 16.4 23.6 54.5 100.0 
a. 42.0% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified 
by the functions derived from all cases other than that case. 
c. 40.6% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS USING 
AFRICAN-AMERICANS, CAUCASIANS, AND HISPANICS 
 
Table 60: shows 160 cases were valid and that 54 cases were excluded.   
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 160 74.8 
Excluded 
Missing or out-of-range group 
codes 
46 21.5 
At least one missing 
discriminating variable 
6 2.8 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
2 .9 
Total 54 25.2 
Total 214 100.0 
   
 
 
Table 61: Eigenvalues of Ancestry Discriminant Analysis of Euro-Americans, African-
Americans, and Hispanics  
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .116
a
 68.5 68.5 .322 
2 .053
a
 31.5 100.0 .225 
a. First 2 canonical discriminant functions were used in the analysis. 
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Table 62: Wilks’ Lambda Test for Ancestry Determination of Euro-Americans, African-
Americans, and Hispanics 
 
 
 
 
 
 
Table 63: Canonical Discriminant Function Coefficients in Ancestry Determination 
Canonical Discriminant Function 
Coefficients 
 Function 
1 2 
WIFR -.091 .576 
WVD .463 -.072 
(Constant) -11.851 -7.422 
Unstandardized coefficients 
 
Table 64: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 63) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is in both functions its Euro-American. If its less than 
zero in both functions its Hispanic. If it’s greater in Function 1 and less than 0 in function 2 its 
African American 
Functions at Group Centroids 
ANCESTRY2 Function 
1 2 
1-Euro-American .288 .075 
2-African-American -.483 .155 
3-Hispanic -.112 -.498 
Unstandardized canonical discriminant functions 
evaluated at group means 
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Table 65: Canonical Discriminant Functions 
 
 
 
Table 66: Classification results from the stepwise method of the sex discriminant analysis using 
all three groups. The table is used to assess how well the discriminant function works, and if it 
works equally well for each group of the dependent/grouping variable. 47.4% of the cross-
validated groups were correctly classified.  
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STEPWISE METHOD OF THE ANCESTRY DISCRIMINANT ANALYSIS USING 
AFRICAN-AMERICANS AND EURO-AMERICANS 
 
Table 67: shows 160 cases were valid and that 54 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 160 74.8 
Excluded 
Missing or out-of-range group 
codes 
46 21.5 
At least one missing 
discriminating variable 
6 2.8 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
2 .9 
Total 54 25.2 
Total 214 100.0 
 
 
 
 
 
 
Table 68: Eigenvalues of Ancestry Determination in African-Americans and Euro-Americans 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .557
a
 100.0 100.0 .598 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 69: Wilks’ Lambda Test of Ancestry Determination in African-Americans and Euro-
Americans 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .642 38.985 4 .000 
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Table 70: Canonical Discriminant Function Coefficients 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
LSLF .195 
WSLF .232 
MXDI .235 
WVD .182 
(Constant) -24.195 
Unstandardized coefficients 
 
 
 
 
 
 
Table 71: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 70) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is Euro-American and value less than zero is African 
American.  
 
Functions at Group Centroids 
ANCESTRY2 Function 
1 
1-Euro-American .633 
2-African American -.861 
Unstandardized canonical 
discriminant functions evaluated 
at group means 
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Table 72: The table is used to assess how well the discriminant function works, and if it works 
equally well for each group of the dependent/grouping variable. 62.7% of the cross-validated 
groups were correctly classified.  Classification results from the stepwise method of the sex 
discriminant analysis using African-Americans and Caucasians. 
 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  1 2 
Original 
Count 
1 62 44 106 
2 16 39 55 
Ungrouped cases 19 28 47 
% 
1 58.5 41.5 100.0 
2 29.1 70.9 100.0 
Ungrouped cases 40.4 59.6 100.0 
Cross-validated
b
 
Count 
1 62 44 106 
2 16 39 55 
% 
1 58.5 41.5 100.0 
2 29.1 70.9 100.0 
a. 62.7% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 62.7% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS USING EURO-
AMERICANS AND HISPANICS 
 
Table 73: shows 138 cases were valid and that 76 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 138 64.5 
Excluded 
Missing or out-of-range group 
codes 
68 31.8 
At least one missing 
discriminating variable 
6 2.8 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
2 .9 
Total 76 35.5 
Total 214 100.0 
 
 
Table 74: Eigenvalues of Ancestry Determination of Euro-Americans and Hispanics  
 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .066
a
 100.0 100.0 .249 
a. First 1 canonical discriminant functions were used in the analysis. 
 
 
Table 75: Wilks’ Lambda Test of Ancestry Determination of Euro-Americans and Hispanics 
 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .938 8.667 1 .003 
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Table 76: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
MXDS .251 
(Constant) -12.309 
Unstandardized coefficients 
 
 
Table 77: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 76) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is Euro-American and value less than zero is Hispanic. 
Functions at Group Centroids 
ancestry3 Function 
1 
1.00-Hispanic -.455 
2.00-Euro-American .143 
Unstandardized canonical discriminant 
functions evaluated at group means 
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Table 78: Classification results from the stepwise method of the sex discriminant analysis using 
Euro-Americans and Hispanics. The table is used to assess how well the discriminant function 
works, and if it works equally well for each group of the dependent/grouping variable. 55.5% of 
the cross-validated groups were correctly classified. 
 
Classification Results
a,c
 
  ancestry3 Predicted Group Membership Total 
  1.00 2.00 
Original 
Count 
1.00 20 14 34 
2.00 48 58 106 
Ungrouped cases 38 30 68 
% 
1.00 58.8 41.2 100.0 
2.00 45.3 54.7 100.0 
Ungrouped cases 55.9 44.1 100.0 
Cross-validated
b
 
Count 
1.00 20 14 34 
2.00 48 58 106 
% 
1.00 58.8 41.2 100.0 
2.00 45.3 54.7 100.0 
a. 55.7% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 55.7% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS USING 
AFRICAN-AMERICANS AND HISPANICS 
 
Table 79: shows 88 cases were valid and that 126 cases were excluded.   
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 88 41.1 
Excluded 
Missing or out-of-range group 
codes 
118 55.1 
At least one missing 
discriminating variable 
4 1.9 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
4 1.9 
Total 126 58.9 
Total 214 100.0 
   
 
Table 80: Eigenvalues of Ancestry Discriminant Function Analysis of African-Americans and 
Hispanics  
  
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .163
a
 100.0 100.0 .374 
a. First 1 canonical discriminant functions were used in the analysis. 
 
 
Table 81: Wilks’ Lambda Test of Ancestry Determination of African Americans and Hispanics 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .860 12.834 2 .002 
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Table 81: Canonical Discriminant Function Coefficients 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
WVD -.378 
WIFR .566 
(Constant) 1.395 
Unstandardized coefficients 
 
Table 82: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 81) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is African-American and value less than zero is 
Hispanic. 
 
Functions at Group Centroids 
ANCESTRY2 Function 
1 
2-African-American .309 
3-Hispanic -.515 
Unstandardized canonical discriminant 
functions evaluated at group means 
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Table 83: Classification results from the stepwise method of the ancestry discriminant analysis 
using African-Americans and Hispanics. The table is used to assess how well the discriminant 
function works, and if it works equally well for each group of the dependent/grouping variable. 
70.8% of the cross-validated groups were correctly classified.  
 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  2 3 
Original 
Count 
2 41 14 55 
3 11 23 34 
Ungrouped cases 53 65 118 
% 
2 74.5 25.5 100.0 
3 32.4 67.6 100.0 
Ungrouped cases 44.9 55.1 100.0 
Cross-validated
b
 
Count 
2 41 14 55 
3 12 22 34 
% 
2 74.5 25.5 100.0 
3 35.3 64.7 100.0 
a. 71.9% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 70.8% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS OF EURO-
AMERICANS, AFRICAN AMERICANS, AND HISPANIC FEMALES 
 
Table 84: shows 64 cases were valid and that 6 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 64 91.4 
Excluded 
Missing or out-of-range group 
codes 
5 7.1 
At least one missing 
discriminating variable 
1 1.4 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0 
Total 6 8.6 
Total 70 100.0 
 
 
 
Table 85: Eigenvalues of Ancestry Determination of Female Euro-Americans, African-
Americans, and Hispanics  
 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .282
a
 66.6 66.6 .469 
2 .141
a
 33.4 100.0 .351 
 
 
 
Table 86: Wilks’ Lambda Test of Ancestry Determination in Euro-American, African-American, 
and Hispanic Females 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 through 2 .684 22.988 4 .000 
2 .876 7.976 1 .005 
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Table 87: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant Function 
Coefficients 
 Function 
1 2 
MXDI .217 -.218 
LVD .274 .492 
(Constant) -18.083 -5.121 
Unstandardized coefficients 
 
 
 
Table 88: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 87) to set the sectioning point for discriminant functions at 
zero.  In Function 1 a value greater than zero is Euro-American Female, and value less than zero 
is African-American or Hispanic female. In function 2 if its greater than zero it will be African-
American female, and less than zero a Hispanic female. 
 
 
Functions at Group Centroids: Females 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ANCESTRY2 Function 
1 2 
1-Euro-American .261 -.009 
2-African American -.975 .786 
3-Hispanic -1.083 -.843 
Unstandardized canonical discriminant functions evaluated at group means 
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Table 89: Canonical Discriminant Functions: Euro-American, African-American, and Hispanic 
Females 
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Table 90: Classification results from the stepwise method of the ancestry discriminant analysis 
using Euro-American, African-American, and Hispanic females. The table is used to assess how 
well the discriminant function works, and if it works equally well for each group of the 
dependent/grouping variable. 68.8% of the cross-validated groups were correctly classified. 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  1 2 3 
Original 
Count 
1 36 6 9 51 
2 2 4 1 7 
3 1 1 4 6 
Ungrouped cases 2 0 3 5 
% 
1 70.6 11.8 17.6 100.0 
2 28.6 57.1 14.3 100.0 
3 16.7 16.7 66.7 100.0 
Ungrouped cases 40.0 .0 60.0 100.0 
Cross-validated
b
 
Count 
1 36 6 9 51 
2 2 4 1 7 
3 1 1 4 6 
% 
1 70.6 11.8 17.6 100.0 
2 28.6 57.1 14.3 100.0 
3 16.7 16.7 66.7 100.0 
a. 68.8% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 68.8% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS FEMALES 
EURO-AMERICANS AND AFRICAN-AMERICANS 
 
Table 91: shows 58 cases were valid and that 12 cases were excluded. 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 58 82.9 
Excluded 
Missing or out-of-range group 
codes 
11 15.7 
At least one missing 
discriminating variable 
1 1.4 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0 
Total 12 17.1 
Total 70 100.0 
 
 
Table 92: Eigenvalues of Ancestry Determination in Euro-American and African-American 
Females 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .388
a
 100.0 100.0 .529 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 93: Wilks’ Lambda Test of Ancestry Determination in Euro-American and African-
American Females 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .721 18.023 2 .000 
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Table 94: Canonical Discriminant Function Coefficients  
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
WIFL -.527 
MXDI .375 
(Constant) -8.839 
Unstandardized coefficients 
 
Table 95: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 94) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is Euro-American female, and value less than zero is 
African-American female. 
Functions at Group Centroids: 
Females 
ANCESTRY2 Function 
1 
1-Euro-American .227 
2-African-American -1.652 
Unstandardized canonical 
discriminant functions evaluated at 
group means 
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Table 96: Classification results from the stepwise method of the sex discriminant analysis using 
Euro-American and African-American females.  The table is used to assess how well the 
discriminant function works, and if it works equally well for each group of the 
dependent/grouping variable. 82.8% of the cross-validated groups were correctly classified. 
 
 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  1 2 
Original 
Count 
1 45 6 51 
2 3 4 7 
Ungrouped cases 7 4 11 
% 
1 88.2 11.8 100.0 
2 42.9 57.1 100.0 
Ungrouped cases 63.6 36.4 100.0 
Cross-validated
b
 
Count 
1 44 7 51 
2 3 4 7 
% 
1 86.3 13.7 100.0 
2 42.9 57.1 100.0 
a. 84.5% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 82.8% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS FEMALES 
EURO-AMERICANS AND HISPANICS 
 
Table 97: shows 13 cases were valid and that 56 cases were excluded. 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 13 18.6 
Excluded 
Missing or out-of-range group 
codes 
56 80.0 
At least one missing 
discriminating variable 
0 .0 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
1 1.4 
Total 57 81.4 
Total 70 100.0 
 
 
Table 98: Eigenvalues of Ancestry Discriminant Analysis of  Euro-American and Hispanic 
Females 
 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .645
a
 100.0 100.0 .626 
a. First 1 canonical discriminant functions were used in the analysis. 
 
 
Table 99: Wilks’ Lambda  Test of Ancestry Determination of Euro-American and Hispanic 
Females 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .823 10.594 1 .001 
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Table 100: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
LVD .521 
(Constant) -15.816 
Unstandardized coefficients 
 
Table 101: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 100) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is Euro-American female, and value less than zero is 
Hispanic female. 
 
Functions at Group Centroids: Female 
ANCESTRY3 Function 
1 
1.00-African-American -1.327 
2.00-Euro-American .156 
Unstandardized canonical discriminant 
functions evaluated at group means 
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Table 102: Classification results from the stepwise method of the ancestry discriminant analysis 
using Euro-American and Hispanic females. The table is used to assess how well the 
discriminant function works, and if it works equally well for each group of the 
dependent/grouping variable. 84.6% of the cross-validated groups were correctly classified. 
 
 
 
 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  2 3 
Original 
Count 
2 6 1 7 
3 1 5 6 
Ungrouped cases 45 11 56 
% 
2 85.7 14.3 100.0 
3 16.7 83.3 100.0 
Ungrouped cases 80.4 19.6 100.0 
Cross-validated
b
 
Count 
2 6 1 7 
3 1 5 6 
% 
2 85.7 14.3 100.0 
3 16.7 83.3 100.0 
a. 84.6% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 84.6% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS FEMALES 
AFRICAN-AMERICANS AND HISPANICS 
 
Table 103: shows 13 cases were valid and that 57 cases were excluded. 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 13 18.6 
Excluded 
Missing or out-of-range group 
codes 
56 80.0 
At least one missing 
discriminating variable 
0 .0 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
1 1.4 
Total 57 81.4 
Total 70 100.0 
 
 
Table 104: Eigenvalues of Ancestry Discriminant Analysis of African-American and Hispanic 
Females 
 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .645
a
 100.0 100.0 .626 
a. First 1 canonical discriminant functions were used in the analysis. 
 
 
 
Table 105: Wilks’ Lambda Test of Ancestry Discriminant Analysis of African-American and 
Hispanic Females 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .608 5.229 1 .022 
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Table 106: This table below contains the unstandardized discriminant function/canonical variant 
coefficients. These would be used like unstandardized B (regression) coeffients in multiple 
regression. These values are used to construct the prediction equations which can be used to 
classify new cases. Ancestry determination of African Americans and Hispanic females. 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
LVD .655 
(Constant) -19.016 
Unstandardized coefficients 
 
Table 107: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 106) to set the sectioning point for discriminant functions at 
zero. Inthis case a value greater than zero is African-American female, and value less than zero is 
Hispanic female. 
 
Functions at Group Centroids: 
Females 
ANCESTRY2 Function 
1 
2-African-American .684 
3-Hispanic -.798 
Unstandardized canonical 
discriminant functions evaluated at 
group means 
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Table 108: Classification results from the stepwise method of the sex discriminant analysis using 
African-American and Hispanic females. The table is used to assess how well the discriminant 
function works, and if it works equally well for each group of the dependent/grouping variable. 
84.6% of the cross-validated groups were correctly classified. 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  2 3 
Original 
Count 
2 6 1 7 
3 1 5 6 
Ungrouped cases 45 11 56 
% 
2 85.7 14.3 100.0 
3 16.7 83.3 100.0 
Ungrouped cases 80.4 19.6 100.0 
Cross-validated
b
 
Count 
2 6 1 7 
3 1 5 6 
% 
2 85.7 14.3 100.0 
3 16.7 83.3 100.0 
a. 84.6% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 84.6% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS MALES: 
EUROAMERICANS, AFRICAN AMERICANS, AND HISPANICS 
 
Table 109: shows 115 cases were valid and that 11 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 115 91.3 
Excluded 
Missing or out-of-range group 
codes 
6 4.8 
At least one missing 
discriminating variable 
5 4.0 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
0 .0 
Total 11 8.7 
Total 126 100.0 
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Table 110: Eigenvalues of Ancestry Discriminant Analysis of Euro-American, African-
American, and Hispanic Males 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .403
a
 90.4 90.4 .536 
2 .043
a
 9.6 100.0 .202 
a. First 2 canonical discriminant functions were used in the analysis. 
 
 
Table 111: Wilks’ Lambda Test of Ancestry Determination of Euro-
American, African-American, and Hispanic Males 
 
 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 through 2 .684 42.412 4 .000 
2 .959 4.663 1 .031 
d. F level, tolerance, or VIN insufficient for further computation. 
 
 
 
Table 112: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant Function Coefficients 
 Function 
1 2 
MXDI .324 -.308 
WVD .212 .451 
(Constant) -21.803 1.709 
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Table 113: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 112) to set the sectioning point for discriminant functions at 
zero. In Function 1 if the case value is greater than zero it’s Euro-American, and less than zero is 
African American or Hispanic male. In Function 2 if the case value is greater than zero it’s 
Hispanic and less than zero is African American male. 
 
 
Functions at Group Centroids: Males 
ANCESTRY2 Function 
1 2 
1-Euro-American .677 -.010 
2-African-American -.607 -.205 
3-Hispanic -.531 .370 
Unstandardized canonical discriminant 
functions evaluated at group means 
 
Table 114 
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Table 115: Classification results from the stepwise method of the sex discriminant analysis using 
Euro-American, African-American, and Hispanic males. The table is used to assess how well the 
discriminant function works, and if it works equally well for each group of the 
dependent/grouping variable. 57.8% of the cross-validated groups were correctly classified. 
 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  1 2 3 
Original 
Count 
1 38 8 7 53 
2 11 20 8 39 
3 6 6 12 24 
Ungrouped cases 1 2 3 6 
% 
1 71.7 15.1 13.2 100.0 
2 28.2 51.3 20.5 100.0 
3 25.0 25.0 50.0 100.0 
Ungrouped cases 16.7 33.3 50.0 100.0 
Cross-validated
b
 
Count 
1 37 8 8 53 
2 12 18 9 39 
3 6 6 12 24 
% 
1 69.8 15.1 15.1 100.0 
2 30.8 46.2 23.1 100.0 
3 25.0 25.0 50.0 100.0 
a. 60.3% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 57.8% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS EURO-
AMERICAN AND AFRICAN AMERICAN MALES 
 
Table 116: shows 92 cases were valid and that 34 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 92 73.0 
Excluded 
Missing or out-of-range group 
codes 
29 23.0 
At least one missing 
discriminating variable 
4 3.2 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
1 .8 
Total 34 27.0 
Total 126 100.0 
 
Table 117: Eigenvalues of Ancestry Determination of Euro-American and African-American 
Males 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .557
a
 100.0 100.0 .598 
a. First 1 canonical discriminant functions were used in the analysis. 
 
 
 
Table 118: Wilks’ Lambda Test of Ancestry Determination of Euro-American and African 
American Males  
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .642 38.985 4 .000 
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Table 119: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant Function Coefficients 
 Function 
 
1 
LSLF .195 
WSLF .232 
MXDI .235 
WVD .182 
(Constant) -24.195 
Unstandardized coefficients 
 
 
 
 
Table 120: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 119) to set the sectioning point for discriminant functions at 
zero.  In this case a value greater than zero is Euro-American male, and value less than zero is 
African-American male.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Functions at Group Centroids: Males 
ANCESTRY2 Function 
1 
1-Euro-American .633 
2-African-American -.861 
Unstandardized canonical discriminant 
functions evaluated at group means 
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Table 121:  Classification results from the stepwise method of the sex discriminant analysis 
using Euro-American and African-American males.  The table is used to assess how well the 
discriminant function works, and if it works equally well for each group of the 
dependent/grouping variable. 71.7% of the cross-validated groups were correctly classified. 
 
 
  
 
Table 120 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  1 2 
Original 
Count 
1 40 13 53 
2 9 30 39 
Ungrouped cases 9 21 30 
% 
1 75.5 24.5 100.0 
2 23.1 76.9 100.0 
Ungrouped cases 30.0 70.0 100.0 
Cross-validated
b
 
Count 
1 37 16 53 
2 10 29 39 
% 
1 69.8 30.2 100.0 
2 25.6 74.4 100.0 
a. 76.1% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 71.7% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS: AFRICAN-
AMERICAN AND HISPANIC MALES 
 
Table 122: shows 62 cases were valid and that 64 cases were excluded. 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 62 49.2 
Excluded 
Missing or out-of-range group 
codes 
59 46.8 
At least one missing 
discriminating variable 
2 1.6 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
3 2.4 
Total 64 50.8 
Total 126 100.0 
 
 
Table 123: Eigenvalues of Ancestry Discriminant Analysis Between African-American and 
Hispanic Males 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .388
a
 100.0 100.0 .529 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 124: Wilks’ Lambda Test of Ancestry Discriminant Analysis Between African-American 
and Hispanic Males 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .720 19.194 3 .000 
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Table 125: Canonical Discriminant Function Coefficients 
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
WIFL .531 
LVD .246 
WVD -.550 
(Constant) -.841 
Unstandardized coefficients 
 
Table 126: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 125) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is African-American male, and value less than zero is 
Hispanic male. 
 
Functions at Group Centroids: 
Males 
ANCESTRY2 Function 
1 
2-African-American .471 
3-Hispanic -.798 
Unstandardized canonical 
discriminant functions evaluated at 
group means 
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Table 127: Classification results from the stepwise method of the sex discriminant analysis using 
African-American and Hispanic males.  The table is used to assess how well the discriminant 
function works, and if it works equally well for each group of the dependent/grouping variable. 
74.2% of the cross-validated groups were correctly classified. 
 
Classification Results
a,c
 
  ANCESTRY2 Predicted Group Membership Total 
  2 3 
Original 
Count 
2 32 7 39 
3 8 15 23 
Ungrouped cases 31 28 59 
% 
2 82.1 17.9 100.0 
3 34.8 65.2 100.0 
Ungrouped cases 52.5 47.5 100.0 
Cross-validated
b
 
Count 
2 31 8 39 
3 8 15 23 
% 
2 79.5 20.5 100.0 
3 34.8 65.2 100.0 
a. 75.8% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the 
functions derived from all cases other than that case. 
c. 74.2% of cross-validated grouped cases correctly classified. 
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STEPWISE METHOD OF THE ANCESTRAL DISCRIMINANT ANALYSIS: 
EUROAMERICAN AND HISPANIC MALES 
 
Table 128: shows 76 cases were valid and that 50 cases were excluded. 
 
Analysis Case Processing Summary 
Unweighted Cases N Percent 
Valid 76 60.3 
Excluded 
Missing or out-of-range group 
codes 
45 35.7 
At least one missing 
discriminating variable 
4 3.2 
Both missing or out-of-range 
group codes and at least one 
missing discriminating variable 
1 .8 
Total 50 39.7 
Total 126 100.0 
 
Table 129: Eigenvalues of Ancestry Discriminant Analysis Between Euro-American and 
Hispanic Males 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
1 .453
a
 100.0 100.0 .558 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 130: Wilks’ Lambda Test of Ancestry Discriminant Analysis Between Euro-American and 
Hispanic Males 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .688 27.272 2 .000 
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Table 131: Canonical Discriminant Function Coefficients.  
 
Canonical Discriminant 
Function Coefficients 
 Function 
1 
LSRF .192 
MXDI .357 
(Constant) -21.992 
Unstandardized 
coefficients 
 
Table 132: This table shows the centroid or the average scores on each discriminant function.  
SPSS uses a constant (as in Table 131) to set the sectioning point for discriminant functions at 
zero. In this case a value greater than zero is Euro-American male, and value less than zero is 
Hispanic male. 
 
Functions at Group Centroids 
ANCESTRY3 Function 
1 
1.00-Hispanic -1.008 
2.00-Euro-American .437 
Unstandardized canonical 
discriminant functions evaluated at 
group means 
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Table 133: Classification results from the stepwise method of the sex discriminant analysis using 
Euro-American and Hispanic males. The table is used to assess how well the discriminant 
function works, and if it works equally well for each group of the dependent/grouping variable. 
79.2% of the cross-validated groups were correctly classified. 
Classification Results
a,c
 
  ANCESTRY3 Predicted Group Membership Total 
  1.00 2.00 
Original 
Count 
1.00 18 6 24 
2.00 10 43 53 
Ungrouped cases 30 15 45 
% 
1.00 75.0 25.0 100.0 
2.00 18.9 81.1 100.0 
Ungrouped cases 66.7 33.3 100.0 
Cross-validated
b
 
Count 
1.00 18 6 24 
2.00 10 43 53 
% 
1.00 75.0 25.0 100.0 
2.00 18.9 81.1 100.0 
a. 79.2% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case 
is classified by the functions derived from all cases other than that case. 
c. 79.2% of cross-validated grouped cases correctly classified. 
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